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PREFACE 

TO 

THE    THIRD   EDITION 


The  Portland  Cement  industry  has  made  immense  strides 
since  the  last  edition  was  issued,  and  consequently  it  has 
been  found  necessary  to  rewrite  certain  parts  of  the  work, 
more  especially  those  relating  to  the  preliminary  stages  of 
manufacture.  The  chief  novelty  has  been  the  introduction 
of  the  thick  slurry  method  of  treating  limestones  and  shales, 
which  would  have  been  economically  impossible  by  the 
earlier  methods  of  calcination,  and  has  only  been  rendered 
practicable  by  the  introduction  of  the  rotary  kiln  ;  the 
initial  difficulties  relating  to  the  latter  have  now  been 
entirely  overcome,  and  at  the  present  time  it  may  be 
termed  the  standard  method  of  burning. 

With  regard  to  the  testing  of  cement,  the  main  feature 
has  been  the  standardisation  of  testing  methods ;  the 
British  Standard  Specification  was  first  issued  in  1904, 
and,  although  it  encountered  some  opposition  at  first,  it 
is  now  almost  universally  adopted  in  England  and  the 
Colonies ;  the  United  States  Government  has  also  recently 
issued  a  standard  specification,  a  complete  copy  of  which 
will  be  found  in  the  Appendix. 

The  uses  of  cement  have  multiplied  exceedingly,  the 
combination  of  steel  and  concrete,  generally  known  as 
ferro-concrete,  having  created  a  practically  new  industry  ; 
an  American  invention,  the  principle  of  which  is  the  use  of 
compressed  air  to  project  mortar  or  fine  concrete  to  in- 
accessible places,  seems  to  have  a  future  before  it. 
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In  conclusion,  the  author  would  like  to  add  that  no 
pains  have  been  spared  to  bring  the  matter  up  to  date,  his 
sole  object  being  that  the  book  shall  maintain  its  position 
in  the  cement  world  as  a  standard  work  of  reference. 

Portland  Cement  Testing  Works 

AND  Chemical  Laboratories, 

41  Old  Queen  Street,  Westminster. 

May  igiS' 
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THE   SECOND    EDITION 


In  the  six  years  that  have  elapsed  since  the  first  edition 
of  this  work  was  published,  the  greatest  change  that  has 
taken  place  in  the  method  of  manufacture  has  been  the 
introduction  of  the  Rotary  continuous  kiln,  of  which  at 
that  time  there  was  not  a  single  installation  in  England, 
although  it  had  proved  a  marked  success  in  America  ; 
and  since  it  is  undoubtedly  the  kiln  of  the  future,  a 
considerable  space  has  been  devoted  to  it  in  the  present 
edition.  With  regard  to  grinding  machinery,  some  types 
have  now  become  more  or  less  obsolete,  but  as  they  are 
all  still  in  use  to  a  limited  extent,  it  has  not  been  thought 
worth  while  to  eliminate  them  from  the  work  altogether. 

The  part  devoted  to  methods  of  testing  has  been  brought 
up  to  date,  while  to  the  Appendix  has  been  added  a 
table  of  Useful  Memoranda  for  the  Testing  Room,  and 
also  a  complete  copy  of  recently  issued  British  Standard 
Specification ;  the  author  hopes  that  with  these  few 
alterations  and  additions,  the  usefulness  of  the  work  will 
be  materially  enhanced. 

Portland  Cbmbnt  Testing  Works 
AND  Chemical  Laboratories, 
41  Old  Queen  Street,  Westminster. 
October  igos* 


IX 


PREFACE 

TO 

THE    FIRST    EDITION 


From  the  number  of  inquiries  he  has  received  during  the 
past  four  or  five  years,  the  author  has  been  encours^ed  in 
the  belief  that  an  up-to-date  treatise  on  the  Manufacture, 
etc.,  of  Portland  Cement  would  be  appreciated  by  those 
interested  in  the  subject;  and  in  preparing  this  work  he 
has  endeavoured  to  give  a  practical  description,  based 
mainly  on  personal  experience,  of  what  its  title  implies, 
viz.  the  Manufacture,  Testing,  and  Use  of  Portland  Cement. 
Many  points  have  doubtless  been  mentioned  which,  to 
the  experienced  manufacturer  or  user,  may  seem  super- 
fluous, but  to  have  omitted  them  altogether  would  have 
rendered  the  work  less  complete,  and  therefore  less  valu- 
able, to  those  with  a  limited  knowledge  of  the  subject ; 
the  author,  however,  is  sanguine  enough  to  cherish  a  hope 
that  even  those  who  are  well  informed  may  be  able  to 
glean  a  few  hints  of  value. 

Portland  Cement  Testing  Works 
AND  Chemical  Laboratories, 
41  Old  Queen  Street,  Westminster. 
June  i8gg. 
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PORTLAND    CEMENT 


MANUFACTURE 


CHAPTER   I 

INTRODUCTORY 

Portland  Cement    was   the    name    given   by  Joseph 

Aspdin,  a  Leeds  bricklayer,  to  the  artificial  cement  which 

he  patented  in  1824,  owing  to  its  fancied  resemblance  in 

colour  and  texture  to  the  famous  building-stone  quarried 

at  Portland.     This  cement,  as  he  originally  prepared  it,  was 

obtained  by  lightly  calcining  a  mixture  of  lime  and  clay, 

and  grinding  the  product ;  a  factory  for  its  production  was 

established  by  him  at  Wakefield  in  1825,  and  we  read  of 

the  cement  being  employed  in  the  Thames  Tunnel  by  Sir 

I.  K.  Brunei  in  1828. 

It  is  hardly  necessary  to  add  that  this  cement  differed 

very  considerably  from  the  Portland  Cement  of  the  present 

day,  inasmuch  as  the  calcination  was  not  carried  to  that 

point  of  incipient  vitrifaction  which  is  now  recognised  as 

the  essential  feature  in  cement  burning,  in  order  to  convert 

the  mechanically  mixed  raw  materials  into  the  requisite 

chemical  compounds.     All  the  earlier  experimenters  seemed 

afraid  of  pushing  the  calcination  to  clinkering  point,  and 

some  of  them  even  took  the  trouble  to  carefully  pick  out 
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and  reject  all  those  portions  which  showed  signs  of  com- 
mencing to  vitrify,  and  which,  according  to  modern 
knowledge  and  experience,  were  the  most  valuable  pro- 
ducts of  the  kiln. 

Two  years  after  the  registration  of  Aspdin's  patent,  viz. 
in  1826,  Major-General  Sir  C.  W.  Pasley,  who  had  been 
appointed  lecturer  on  architecture,  etc.,  at  the  military 
school  at  Chatham,  commenced  his  experiments  and  re- 
searches at  Chatham  Dockyard,  and  it  appears  that  he  was 
not  aware  of  the  existence  of  Aspdin's  cement  until  some 
years  later.  Pasley's  aim  was  to  produce  an  artificial 
hydraulic  cement  which  should  be  equal  or  superior  to  the 
natural  or  Roman  cements,  at  that  time  about  the  only 
hydraulic  cements  available;  and  in  1830  he  succeeded  in 
producing  a  very  good  article,  which  he  used  for  various 
experimental  purposes  with  perfectly  satisfactory  results. 

The  materials  he  used  were  Medway  clay  and  the  chalk 
found  in  the  neighbourhood,  though  the  use  of  the  former 
was  entirely  owing  to  chance.  His  preliminary  experi- 
ments had  been  made  with  chalk  and  brick  loam,  procured 
from  the  neighbouring  parish  of  Darland,  and  as  they  did 
not  lead  to  any  satisfactory  results,  the  matter  was  aban- 
doned. Some  time  afterwards,  in  order  to  satisfy  the  wish 
of  a  brother  officer,  who  had  come  to  examine  his  methods 
of  testing  natural  cements  and  limestones,  he  recommenced 
his  experiments.  His  stock  of  brick  loam  being  exhausted, 
he  gave  orders  to  the  soldier  who  was  employed  in  the 
experiments,  to  use  ordinary  clay,  and,  by  a  fortunate 
chance,  the  blue  Medway  clay  was  made  use  of,  which  at 
that  time  was  used  by  the  Engineers  for  securing  their 
fuses  in  military  mining.  The  results  obtained  in  that 
series  of  experiments  were  so  satisfactory  as  to  induce 
Pasley  to  again  take  up  his  researches  in  the  matter,  in 
which  he  afterwards  achieved  considerable  success. 


Introductory  3 

Contemporarily  with  Pasley  at  Chatham,  Frost  estab- 
lished a  factory  at  Northfleet  for  the  production  of  artificial 
cement,  and  his  works,  which  were  afterwards  taken  over 
by  Messrs  Francis  and  White,  were  the  forerunners  of  the 
great  factories  now  forming  a  staple  industry  in  that 
neighbourhood. 

The  chief  competitor  of  the  infant  Portland  Cement 
industry  at  that  time  was  the  so-called  Roman  cement, 
produced  by  lightly  calcining  and  grinding  the  septaria 
nodules  found  in  the  Isle  of  Sheppey  and  elsewhere ;  and 
as  this  was  a  very  profitable  business,  it  is  easy  to  under- 
stand that  the  new  cement  was  strenuously  opposed.  The 
new  material,  however,  gradually  gained  ground  in  the 
confidence  of  engineers  and  others,  and,  as  its  quality  im- 
proved, it  by  degrees  drove  the  natural  cement  out  of  the 
market  for  all  important  work,  though  Roman  cement 
is  even  now  used  where  a  very  quick  setting  hydraulic 
cement  of  no  great  strength  is  required.  The  experi- 
ments of  the  late  Mr  John  Grant  of  the  Metropolitan 
Board  of  Works,  in  connection  with  the  London  drainage 
works  in  1859,  subsequently  gave  the  industry  a  great 
impetus ;  and  both  manufacturers  and  users  of  Portland 
Cement  are  largely  indebted  to  him  for  the  knowledge 
they  now  possess  of  the  properties  and  peculiarities  of  this 
important  constructive  material. 

The  method  of  manufacture  of  Portland  Cement  in  the 
early  days  was  of  the  crudest  possible  description.  Crushers 
of  the  familiar  type  now  in  use  were  then  unknown,  and 
instead  of  the  present  method  of  mechanically  crushing 
clinker,  and  raising  it  by  means  of  elevators  to  the  required 
height  for  feeding  into  the  grinding  machinery,  the  material 
as  it  came  from  the  kilns  was  broken  small  enough  with  a 
hammer  to  be  fed  into  the  millstones,  and  then  placed  in 
sacks  for  conveyance  to  the  millstone  hopper.    The  ground 
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material  as  it  came  from  the  stones,  if  it  was  stored  in  the 
warehouse  at  all,  was  wheeled  away  in  barrows,  and  piled 
into  a  heap  with  infinite  labour,  and  what  was  considered 
well-ground  cement  in  those  days,  would  now  be  scornfully 
rejected  by  the  veriest  speculative  builder.     In   fact,  the 
whole  process  of  clinker  reduction  was  modelled  more  or 
less  on  the  methods  then  in  vogue  for  grinding  corn,  with, 
as  might  be  expected,  very  indifferent  results,  since  the 
two  materials  possess  such  totally  different  characteristics. 
The  first  important  labour-saving  improvement  was  the 
adoption  of  the  semi-wet  process  of  mixing  the  chalk  and 
clay,  patented  by  Goreham  in   1872.     By  this  process  a 
much  smaller  quantity  of  water  is  used  for  the  preliminary 
mixture  of  the  raw  materials,  the  final  combination  being 
effected  by  passing  the  rough  mixture  through  millstones ; 
the  thick  slip  is  then  conveyed  by  pumps  direct  to  the 
drying  floors  or  kiln  drying  chambers,   thus  saving  the 
labour  consequent  on  having  to  dig  the  mass  out  of  the 
settling  backs  and  wheel  it  to  the  drying  floors,  which  was 
entailed   by  the  older    wet    process.       The    next    great 
economy  in  cement  production  was  Johnson's  patent  kiln, 
which  utilised  the  waste  heat  from  the  calcination  of  the 
clinker  for  the  drying  of  the  next  load  of  slurry,  thus  doing 
away  with  separate  drying  floors  and  their  consequent 
expense  in  fuel  consumption.     Labour-saving  devices  of 
all  kinds  have  now  come  into  general  use,  and,  except  in 
loading  and  drawing  the  vertical  type  of  kilns,  the  former 
of   which    under   present  conditions    necessitates  skilled 
labour,  the  material  is  not  touched  by  hand  from  the  time 
the  raw  materials  are  placed  in  the  primary  reduction  mills 
till   the  finished  cement  is  delivered  from  the  warehouse 
into  bags  or  barrels,  ready  for  despatching  to  the  con- 
sumer.    The  more  recent  introduction  of  the  now  almost 
universal  rotary  continuous  kiln  has  even  abolished  the 


Introductory  5 

exceptions  above  noted,  and  the  manufacturing  process 
can  consequently  be  accomplished  by  mechanical  means 
throughout 

The  proportions  of  raw  materials  used  in  the  manu- 
facture of  Portland  Cement  were  in  the  early  days  entirely 
governed  by  rule  of  thumb  ;  a  fixed  proportion  of  each  was 
fed  into  the  wash-mill,  irrespective  of  their  condition,  and 
although  some  rough  check  was  kept,  by  testing  the  finished 
cement  in  a  more  or  less  slipshod  manner  before  delivery, 
if  any  error  occurred  in  the  proportions  used,  it  was  not  dis- 
covered until  the  whole  process  was  completed  and  the 
mischief  done.  As  will  be  seen  in  the  following  pages,  the 
methods  now  in  use  for  checking  and  maintaining  the  correct 
proportions  of  the  raw  materials,  enable  an  accuracy  to  be 
attained  which  in  the  early  days  would  have  been  considered 
little  short  of  wonderful.  The  aid  of  the  chemist  has  been 
enlisted,  and  by  very  simple  means  the  proportions  of  the 
raw  materials  and  their  proper  combination  are  kept  in 
check.  Most  large  manufacturers  now  employ  a  trained 
chemist  on  their  staff,  and  those  whose  works  are  not  suffi- 
ciently extensive  to  warrant  such  expense,  at  all  events 
recognise  the  value  of  having  periodical  analyses  made 
of  both  their  raw  materials  and  the  finished  cement. 

In  consequence  of  the  more  exacting  demands  of  the  user 
in  that  direction,  the  grinding  of  cement  has  been  steadily 
improving  during  the  past  few  years,  and  in  this  particular 
the  English  cement  trade  has  made  enormous  strides  during 
the  last  decade.  It  is  evident  that,  apart  from  the  other 
advantages  of  fine  grinding,  the  finer  a  cement  is  ground, 
the  greater  the  amount  of  surface  it  will  cover,  and  there- 
fore the  larger  proportion  of  sand  or  aggregate  it  will  bear. 
The  late  Mr  Grant  was  one  of  the  first  to  recognise  this 
important  feature,  and  he  willingly  paid  a  considerably 
enhanced  price,  consequent  on  the  increased  cost  of  pro- 
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duction,  in  order  to  obtain  a  material  fine  enough  to  meet 
his  requirements. 

The  present  method  of  testing  the  quality  of  cement 
has  been  gradually  evolved  from  the  researches  of  the 
earlier  experimenters.  Vicat,  in  his  time,  was  content  to 
test  the  hardness  of  his  lime  mortars  after  setting,  by  noting 
the  amount  of  indentation  made  by  a  blunt  needle  of  a 
certain  weight  falling  upon  them  from  a  certain  height 
Later  on,  Smeaton  tested  the  hydraulicity  of  his  limes  by 
making  them  into  balls,  placing  them  under  water,  and 
noting  whether  they  hardened  or  disintegrated.  Later  still, 
in  Pasley's  time,  the  cementitious  value  of  a  cement  was 
ascertained  by  sticking  bricks  together  with  it,  one  at  a  time, 
projecting  horizontally  from  a  wall,  that  being  considered 
the  best  cement  which  would  bear  the  greatest  number  of 
bricks  stuck  together  in  this  way.  Although  in  some  in- 
stances a  great  many  bricks  were  thus  joined  together,  it 
did  not  seem  to  occur  to  those  engaged  in  such  tests  that, 
as  nearly  all  cements  increase  in  strength  with  age,  the  time 
which  elapsed  between  the  addition  of  each  brick  would 
materially  aflfect  the  result.  Pasley's  own  method  of  testing 
the  artificial  cements  which  he  made  in  his  experiments  was 
rather  primitive,  but  certainly  practical.  After  cementing 
two  bricks  together,  and  allowing  them  a  certain  time  to 
harden,  he  suspended  them  from  an  artillery  gin  or  tripod 
by  a  pair  of  nippers  or  claws  fixed  to  the  upper  brick  ;  and 
placing  a  similar  pair  of  nippers  on  the  lower  brick,  attached 
weights  thereto,  and  ascertained  theamountof  weight  which 
was  necessary  to  pull  the  joint  asunder ;  in  some  instances 
he  found  that  his  bricks  gave  way  before  his  cement  joint. 
From  these  experimental  tests,  doubtless,  sprang  the  present 
method  of  testing  for  tensile  strain,  and  the  many  accurate 
machines  at  present  in  use  for  ascertaining  that  property. 

Grant  was  the  first  to  go  thoroughly  into  the  question 
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of  cement  testing,  and  his  experiments  and  researches 
have  stamped  him  as  an  authority  on  the  subject.  The 
late  Henry  Faija  followed  closely  after  Grant  in  most 
things,  though  he  totally  disagreed  with  him  as  to  the 
utility  of  the  sand  test,  maintaining  that  it  first  involved 
the  testing  of  the  sand,  and  was  valueless  as  a  compara- 
tive test  unless  the  same  quality  of  sand  could  always 
be  guaranteed.  Faija  was  the  first  to  carry  out  cement 
testing  in  a  scientific  and  methodical  manner,  and  many 
machines  are  at  present  in  daily  use  for  that  purpose 
which  bear  his  name.  He  was  one  of  the  first  to  point  out 
the  paramount  importance  of  the  soundness  of  cement,  viz. 
freedom  from  disruptive  agencies  within  itself;  for,  as 
he  rightly  maintained,  no  matter  what  excellent  qualities  a 
cement  may  possess  in  other  respects,  such  as  fine  grind- 
ing and  tensile  strain,  if  it  contains  the  germs  of  disease,  so 
to  speak,  within  itself,  and  eventually  crumbles  and  disin- 
tegrates, it  is  evidently  of  no  use  as  a  constructive  material. 
Speaking  of  Portland  Cement  generally,  Faija  was  wont  to 
express  the  opinion,  that  if  a  cement  was  sound  and  well 
ground,  it  was  almost  invariably  strong  enough  for  any 
constructive  work  in  which  it  might  be  used. 

The  Portland  Cement  industry  having  originated  in 
England,  the  English  manufacturers  for  some  years  pos- 
sessed a  practical  monopoly  of  the  article,  at  all  events 
as  r^ards  export  to  non-cement-producing  countries ;  but 
where  suitable  materials  were  found,  cement  works  gradu- 
ally sprang  up  on  the  Continent  and  elsewhere,  and  now 
competition  is  very  keen  between  English  and  Continental 
makers  in  the  foreign  and  colonial  markets. 

The  following  table,  which  shows  the  quantity  of  cement 
exported  from  the  United  Kingdom  from  1855  ^^  191 1,  and 
its  value,  may  be  of  interest.  It  will  be  seen  that  the  ex- 
ports showed  a  steady  increase  up  to  1889,  when  they  began 
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Year. 

Tons. 

Declared  Value. 

Declared  Value 
per  Ton. 

1855 

35»i93 

£ 
99,530 

s.     d, 
56  6 

i860 

79,217 

214,674 

54  2 

1865 

112,876 

285,898 

50  7 

1870 

150,444 

366,199 

48  8 

1875 

245,982 

642,814 

52  3 

1880 

277,490 

692,875 

49  " 

1885 

367,895 

811^000 

44  I 

1886 

425,880 

862,052 

40  5 

1887 

506,090 

982,776 

38  10 

1888 

612,700 

1,165,000 

38  0 

1889 

631,660 

1,231,649 

38  II 

1890 

623,440 

1,281,963 

41  I 

1891 

575,969 

1,140,697 

39  7 

1892 

492,615 

902,910 

36  7 

1893 

437,565 

744,424 

34  0 

1894 

425,582 

703,389 

33  0 

1895 

395,484 

641,551 

32  5 

1896 

353,863 

580,518 

32  9 

1897 

391,596 

647,191 

33  0 

1898 

326,425 

610,723 

37  5 

1899 

352,358 

690,835 

39  2 

1900 

359,944 

673,162 

37  5 

I901 

305,331 

583,974 

38  3 

190a 

303,252 

520,512 

34  4 

1903 

399^988 

676,752 

33  10 

1904 

384,795 

632,557 

36  2 

1 90s 

455,874 

720,349 

31  7 

1906 

657,955 

996,663 

30  3 
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Year. 

Tons. 

Declared  Value. 

Declared  Value 
per  Ton. 

1907 

764,264 

1,267,532 

S,     d, 
33     2 

1908 

598»376 

955,93s 

31   II 

1909 

598,253 

886,779 

29     8 

1910 

735,8^7 

1,062,345 

28  II 

1911 

715,607 

1,075,293 

30     I 

191a 

646,090 

1,022,677 

31     8 

to  decrease,  and,  with  the  exception  of  a  slight  spurt  in  1897, 
continued  to  do  so,  until  in  1902  the  quantity  exported 
was  considerably  less  than  half  that  of  1889.  From  1903 
onwards,  however,  the  figures  show  a  remarkable  increase  ; 
1906,  the  year  of  the  San  Francisco  earthquake,  beating  all 
previous  records,  while  the  following  year,  1907,  was  the 
high-water  mark  of  British  exports,  the  fojur  subsequent 
years  showing  a  slight  falling  off.  It  will  also  be  observed 
that  the  value  per  ton  has  shown  a  steady  decrease,  and, 
although  in  191 1  and  191 2  there  was  a  slight  improvement, 
the  price  in  1910  was  almost  exactly  one-half  that  of  1855. 
In  consequence  of  the  many  important  harbour  and  other 
engineering  works  then  being  carried  out  in  this  country, 
the  demand  for  cement  was  so  enormous  during  the  years 
1897-1899,  that  English  manufacturers,  even  after  largely 
extending  their  works, were  unable  to  cope  with  it ;  the  result 
was  that  a  good  deal  of  foreign  cement,  mostly  of  Belgian 
origin,  found  its  way  into  the  country.  As  will  be  seen  by 
the  following  table  of  imports,  the  quantity  gradually  in- 
creased, till  in  1904  it  reached  nearly  a  quarter  of  a  million 
tons;  but  since  then  has  again  gradually  decreased,  till  in 
the  last  three  years  the  quantity  imported  has  been  little 
more  than  one  quarter  of  the  amount  received  in  1905. 
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Belgian  Cement  Imported  into  the  United  Kingdom. 


Year. 

Tons. 

Declared  Value. 

Declared  Value 
per  Ton. 

£ 

s.     d. 

1896 

1,751 

2,120 

24  2 

1897 

14,064 

18,000 

25  7 

1898 

68,203 

93,560 

27  2 

1899 

9^474 

126,234 

27  7 

1900 

84,526 

1 14,960 

27  2 

1901 

173.844 

291,008 

33  5 

1902 

204,166 

328,218 

32  2 

1903 

214,719 

326,507 

30  5 

1904 

229,817 

317,758 

27  8 

1905 

208,831 

250,490 

24  0 

1906 

157,678 

194,764 

24  8 

1907 

105,54s 

132,588 

25  I 

1908 

88,736 

107,098 

24  2 

1909 

60,153 

74,145 

24  8 

1910 

54,059 

68,217 

25  3 

1911 

64,902 

81,564 

25  I 

1912 

97,027 

121,071 

27  0 

Judging  from  the  large  number  of  samples  passing 
through  the  author's  bands  from  time  to  time  for  testing 
purposes,  these  imports  consist  chiefly  of  various  qualities 
of  **  natural "  cement,  i,e,  cement  inexpensively  produced 
by  the  simple  calcination  and  grinding  of  natural  calcareous 
rocks,  which  in  composition  approach  more  or  less  closely 
to  that  of  the  raw,  unburnt  Portland  Cement  mixture ;  the 
term  "  natural "  cement  is  used  in  contradistinction  to  "  arti- 
ficial "  Portland  Cement,  which,  as  will  be  seen  hereafter, 
is  produced  from  a  carefully  and  accurately  proportioned 
mixture  of  chalk  and  clay  or  similar  raw  materials. 


CHAPTER   II 

RAW    MATERIALS 

Portland  Cement  may  be  defined  as  a  compound  con- 
sisting chiefly  of  silicates  and  aluminates  of  lime,  produced 
by  the  calcination  to  incipient  vitrifaction  of  a  mechanical 
mixture  of  chalk  and  clay,  or  similar  materials  containing 
the  requisite  chemical  constituents,  the  clinker  thus  pro- 
duced being  subsequently  ground  to  a  more  or  less  impalp- 
able powder.  The  exact  chemical  composition  of  Portland 
Cement  varies  considerably  ;  its  principal  constituents  are 
silica,  alumina,  oxide  of  iron,  and  lime,  which,  generally 
speaking,  are  found  in  roughly  the  following  proportions  : — 


Lime 

.     60  to  64  per  cent. 

Silica    . 

.     20  „  24        „ 

Alumina 

6  „  10        „ 

Iron  oxide 

3  »     5        >» 

These  four  constituents,  as  a  rule,  amount  together  to 
about  96  per  cent,  the  remainder  consisting  of  small  quan- 
tities of  sulphuric  anhydride,  magnesia,  alkalies,  etc. 

The  process  of  cement  manufacture,  as  will  be  seen 
hereafter,  may  be  divided  into  three  distinct  operations, 
the  inefficient  performance  of  either  of  which  materially 
affects  the  quality  of  the  product : — 

I.  The  intimate  blending  or  mechanical  mixing  of  the 

raw  materials. 
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2.  The  conversion  of  the  mechanically  mixed  raw  ma- 
terials into  the  requisite  chemical  compounds  by  calcina- 
tion. 

3.  The  pulverisation  of  the  calcined  product,  to  enable 
it  to  combine  with  water  and  thereby  set  and  harden. 

Although  Portland  Cement  may  be  produced  from 
almost  any  raw  materials  containing  the  requisite  chemi- 
cal constituents,  its  manufacture  to  commercial  advantage 
naturally  depends  upon  the  physical  properties  of  those 
raw  materials,  and  the  treatment  to  which  they  have  to  be 
subjected,  to  enable  them  to  be  intimately  blended  mecha- 
nically, in  the  first  instance,  before  being  chemically  con- 
verted by  calcination.  The  first  essential,  therefore,  from  an 
economical  point  of  view,  is  that  the  raw  materials  shall  be 
easy  of  reduction  to  the  requisite  mechanical  mixture ;  for 
after  this  mechanical  mixture  has  been  effected,  no  matter 
by  what  means,  the  cost  of  the  subsequent  operations  of 
calcination  and  grinding  is  practically  the  same  in  every 
case.  For  instance,  when  the  materials  have  to  be  treated 
by  the  wet  process  of  manufacture,  it  is  very  evident  that 
a  hard  chalk  will  cost  more  to  reduce  to  an  intimate 
mechanical  mixture  with  the  clay  than  a  soft  one ;  and 
similarly  with  the  dry  process,  where  both  materials  have 
to  be  dried  before  grinding  and  mixing,  those  materials 
which  are  most  easily  reduced  to  the  requisite  degree  of 
fineness  are  the  most  economical  to  use. 

The  chief  raw  materials  used  for  the  manufacture  of 
Portland  Cement  in  this  country  are  the  chalks  and  estuary 
muds  which  are  found  in  great  abundance  in  the  lower 
reaches  of  the  Thames  and  Medway,  as  these  materials 
can  be  most  economically  treated  in  the  first  operation  of 
mechanical  mixing.  In  the  early  days  of  Portland  Cement 
manufacture.  Frost  and  others  found  that  the  chalk 
abounding  in  this  neighbourhood,  mixed  with  the  estuary 
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mud  of  the  Medway,  was  best  suited  to  their  purpose ;  and 
as  the  demand  for  the  product  increased,  other  factories 
sprang  into  existence  in  the  neighbourhood — and  thus  com- 
menced what  is  now  one  of  the  most  important  industries 
of  the  Thames  and  Medway.  Another  factor  which  prob- 
ably largely  influences  the  establishment  of  factories  in 
this  district,  is  the  facility  of  cheap  transport  by  water,  both 
for  obtaining  fuel  supplies  for  calcination  purposes,  and  also 
for  disposing  of  the  manufactured  article  in  the  London 
market,  either  for  home  consumption  or  for  export  from 
the  various  docks. 

It  very  rarely  occurs  that  both  the  requisite  materials, 
viz.  chalk  and  mud,  are  to  be  had  on  the  same  site,  and  as 
chalk  forms  by  far  the  greater  part  of  the  mixture  (roughly, 
two  of  white  chalk  to  one  of  mud,  as  fed  into  the  wash-mill 
in  the  wet  state),  the  factories  are  generally  erected  on  the 
river's  edge,  with  chalk  supplies  from  the  quarries  at  the 
rear,  the  mud  being  broughi  by  barges  from  the  beds  in 
the  lower  reaches  of  the  river.  Along  the  upper  reaches 
of  the  Medway,  in  the  Burham  district,  beds  of  Gault 
clay  crop  out,  and,  in  combination  with  the  grey  chalk, 
are  extensively  used  by  one  or  two  firms  on  whose  pro- 
perty they  occur.  It  may,  however,  be  stated  generally, 
that  cement  in  the  London  district  is  made  from  the 
estuary  mud,  combined  with  the  necessary  proportion  of 
chalk. 

Referring  generally  to  the  following  analyses,  it  will  be 
found  that  the  composition  of  the  cement  does  not  always 
correspond  exactly  with  the  composition  of  the  raw  mate- 
rials«  As  pointed  out  at  the  end  of  Chapter  1 1 1.,  this  is 
largely  due  to  the  ash  of  the  fuel  used  for  calcination  pur- 
poses, which  mingles  with  the  clinker  in  the  kiln,  and  as  this 
ash  consists  largely  of  silica  and  alumina,  the  composition 
of  the  resulting  cement  is  somewhat  modified.     The  fire- 
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brick  lining  of  the  kiln,  also,  is  apt  to  affect  the  resulting 
clinker  to  a  greater  or  less  extent,  by  fluxing  and  combining 
with  it. 

The  following  analyses,  taken  from  our  testing  books  of 
1888,  show  the  composition  of  the  chalk  and  mud  used  on 
the  Essex  shore  of  the  Thames ;  the  cement  following  was 
manufactured  in  191 1  by  the  rotary  kiln  process. 


Chalk 

Water,  23*00  per  cent. 

Insoluble  silicious  matter  . 

•8s 

Silica 

•35 

Alumina 

•75 

Carbonate  of  lime     .         .         .         . 

98"  1 2 

100*07 

The  above  sample  was  taken  from  the  top  strata  of  the 
pit.  Samples  from  the  middle  and  bottom  strata  contained 
as  follows : — 


Carbonate  of  lime  . 


Bottom. 


Middle.  Bottom. 

.     98*85  per  cent.       98*07  per  cent. 


Estuary  Mud 


Roughly  dried,  lost  33*33  per  cent. 

Water 2*63 

Organic  matter  4  06 

Silica 60*30 

Alumina 11*07 

Oxide  of  iron 8*13 

Carbonate  of  lime     .                  .  7*85 

„            magnesia                       .  2*66 

Sulphuric  acid 2*50 

Alkalies -45 


99*65 


Raw  Materials 


Cement 

Water  and  carbonic  acid 

I  78 

Insoluble  residue 

•28 

Silica       .... 

21  71 

Alumina  .... 

8-01 

Oxide  of  iron    . 

2-85 

Lime        .... 

62'32 

Magnesia . 

1*07 

Sulphuric  acid  . 

1-38 

Alkalies  and  loss 

•60 

lOO'OO 

The  manufacturers  on  the  Kent  shore  of  the  Thames 
use  the  chalk  at  the  rear  of  their  works,  in  combination 
with  the  estuary  mud,  of  which  the  following  analyses, 
extracted  from  our  testing  books  of  1881,  may  be  taken  as 
examples.  The  analysis  of  the  cement  following  is  also 
that  of  one  manufactured  on  the  Kent  shore,  but  as  the 
sample  was  made  in  191 1,  it  can  scarcely  be  said  that  the 
materials  quoted  were  used  in  its  production. 


Mud 


Samples : 
Nos. 

I 

3 

3 

Organic  matter  and  water     . 

6-32 

539 

431 

Silica 

71  71 

62-41 

7450 

Alumina      .         .         .         . 

6*42 

18-09 

io'45 

Oxide  of  iron 

10-28 

io'35 

6-30 

Carbonate  of  lime 

4*05 

I  63 

1-78 

Alkalies        .        .        .        . 

I'lO 

2-10 

250 

99-88     99-97     99-84 


i6 


Portland  Cement  Manufacture 


Chalk 
Silica        .... 

Alumina  and  iron  oxide 

Carbonate  of  lime 

Water       .... 


I'02 

•72 

97*36 

•91 


Cement 

lOO'OI 

Water  and  carbonic  acid  ...           -98 

Insoluble  residue 

•40 

Silica 

22*87 

Alumina  . 

7*02 

Oxide  of  iron    . 

2*40 

Lime 
Magnesia . 
Sulphuric  acid  . 
Alkalies  and  loss 

63-36 

•97 

i*o6 
•94 

lOO'OO 


The  following  analyses,  taken  from  our  testing  books  of 
1892,  give  the  composition  of  the  blue  Gault  clay  from  the 
upper  reaches  of  the  Medway,  and  the  chalks  used  in  com- 
bination with  it;  the  cement  produced  therefrom  is  from 
our  testing  books  of  191 1  : — 


Blue  Gault  Clay 

Organic  matter                                             1-30 

Sand 

964 

Combined  silica 

34-06 

Alumina  . 

15-09 

Oxide  of  iron    . 

5-76 

Lime 

15-25 

Magnesia . 

2 -02 

Sulphuric  acid  . 

1*64 

Carbonic  acid  . 

14*20 

Potash 

•38 

Soda 

•26 

99*60 


Raw  Materials 

Chalks 

White. 

Grey. 

Insoluble  silicious  matter    .                  i'5o 

3'9S 

Soluble  silica 

•lO 

•20 

Alumina  and  oxide  of  iron  . 

•Bo 

75 

Carbonate  of  lime 

97*32 

94*37 

Potash        .... 

•22 

•18 

Soda 

•16 

•13 

Magnesia    .... 

trace 

trace 

Sulphuric  acid    . 

trace 

trace 

lOO'IO 

99*S« 

Cement 

Water  and  carbonic  acid   . 

•68 

Insoluble  residue 

•14 

Silica 

22'6l 

Alumina  . 

7^2I 

Oxide  of  iron    . 

2-34 

Lime 

64-19 

Magnesia . 

•98 

Sulphuric  acid  . 

•94 

Alkalies  and  loss 

•91 

17 
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As  an  example  of  the  Medway  chalk  and  estuary  mud 
the  following  analyses,  taken  from  our  testing  books  of 
1888,  may  be  quoted  ;  the  cement  is  from  our  testing  books 

of  191 1  : — 

Medway  Chalk 
Roughly  dried,  lost  11*66  per  cent. 
Lost  at  312''      . 
Insoluble  silicious  matter  . 
Silica        .... 
Alumina  and  oxide  of  iron 
Carbonate  of  lime 


•40 

3*45 

•65 

3*35 
92*23 


1 00^08 
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The  foregoing  sample  was  taken  from  the  upper  strata 
of  the  pit ;  the  samples  from  the  middle  and  bottom  strata 
containing  as  follows : — 


Carbonate  of  lime    . 


Middle.  Bottom. 

.     90*90  per  cent.     90*22  per  cent 


Medway  Mud 

Water 

Organic  matter. 
Silica 
Alumina  . 
Oxide  of  iron    . 
Carbonate  of  lime 

,,  magnesia 

Sulphuric  acid  . 
Alkalies    . 


430 

7 '49 
54-80 

14-40 

8'io 

4-64 

3-50 
1*69 

07s 


9967 

Cement 

Water  and  carbonic  acid   .         .         •         i  'oo 

Insoluble  residue 

•27 

Silica        .... 

23'82 

Alumina  . 

7*26 

Oxide  of  iron    . 

2-95 

Lime        .... 

62-35 

Magnesia. 

1-25 

Sulphuric  acid  . 

•84 

Alkalies  and  loss 

•56 

lOO'OO 

Scattered  round  our  coasts,  wherever  there  is  a  demand 
for  Portland  Cement,  or  where  special  facilities  occur  for 
its  manufacture,  there  are  factories  using  chalk  and  clay  as 
the  basis  of  their  manufacture.  At  Newcastle  and  Hull 
especially  there  are  factories  which  use  a  local  clay  in 
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combination  with  chalk  imported  from  the  London  district; 
in  the  earlier  days  of  the  industry,  the  chalk  was  brought 
back  as  ballast  by  the  colliers  plying  between  the  northern 
coal-fields  and  the  metropolis,  but  by  far  the  greater  part 
is  now  conveyed  by  vessels  specially  employed  for  that 
purpose. 

The  following  is  an  example  of  the  composition  of  the 
local  clays  found  at  Hull : — 


Clay 

Organic  matter  and  moisture 

5-IO 

Sand 

17*20 

Combined  silica 

34-29 

Alumina  .... 

21-55 

Oxide  of  iron 

7-09 

Carbonate  of  lime 

6*41 

„            magnesia 

4*07 

Sulphuric  acid  . 

2-32 

Alkalies  and  loss 

1-97 

lOO-OO 

It  will  be  seen  that  these  clays  are  apt  to  be  rather 
sandy ;  but  the  sand  is  as  a  rule  extremely  fine,  and  when 
used  with  the  following  chalk,  the  resulting  cement  leaves 
nothing  to  be  desired  in  point  of  quality,  its  analysis,  taken 
from  our  testing  books  of  191 1,  being  as  given  on  next 

page. 

Chalk 

Loss  after  being  dried  at  212**  F.,  21*69  P^^  cent. 
The  dried  sample  contained — 

Silica 1*61 

Alumina '40 

Carbonate  of  lime     .                          •97*45 
Alkalies *5i 


99'97 
C2 
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Cement 


Water 

2*26 

Carbonic  acid  . 

•18 

Insoluble  residue 

'57 

Silica        .         .         .         . 

2o*6o 

Alumina  . 

7*97 

Oxide  of  iron    . 

2'54 

T/ime        .         .         .         . 

63'25 

Magnesia. 

I'27 

Sulphuric  acid  . 

I-I2 

Alkalies  and  loss 

•24 

lOO'OO 

The  somewhat  sandy  clay  previously  quoted,  bears  out 
the  now  generally  accepted  opinion  that  an  extremely  fine 
sand  will  not  materially  affect  the  quality  of  the  cement, 
provided  the  clinker  is  thoroughly  calcined.  The  very 
small  amount  of  insoluble  residue  in  the  above  cement, 
shows  very  clearly  that  the  silica  and  alumina  contained 
in  the  fine  sand  has  combined  with  the  other  constituents 
on  calcination.  It  may  be  mentioned,  in  passing,  that  one 
disadvantage  arising  from  the  use  of  a  sandy  clay,  though 
it  is  a  purely  mechanical  one,  is  that  where  vertical  inter- 
mittent kilns  are  used,  it  tends  to  make  the  dried  slurry 
rotten  and  friable,  and  is  thus  apt  to  cause  dusting  and 
choking. 

At  several  places  on  the  south  coast,  where  chalk  supplies 
are  abundant,  there  are  cement  manufactories  using  a  local 
chalk,  either  with  imported  clay  or  with  that  found  in  the 
neighbourhood. 

The  following  analyses  may  be  given  as  examples 
of  the  chalk  found  in  the  Portsmouth  district,  the  estuary 
mud  found  in  the  neighbourhood,  and  the  cement  produced 
therefrom  : — 


Raw  Materials 
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Chalk 

Silica       .... 
Alumina  and  oxide  of  iron 
Carbonate  of  lime 
Alkalies  and  loss 


•90 

•20 

98-50 

•40 


1 00 '00 

Clay 

Water       ..... 

2*30 

Organic  matter 

6-00 

Silica 

.       5870 

Alumina  and  oxide  of  iron 

21*40 

Carbonate  of  lime     . 

10*30 

Alkalies  and  loss 

1-30 

1 00 'CO 

Cement 

Water  and  carbonic  acid   . 

I 'go 

Silica 

25-20 

Alumina  and  oxide  of  iron 

9-90 

Lime 

60*70 

Magnesia          .... 

•60 

Sulphuric  acid  .... 

1-50 

99'8o 

Next  in  importance  to  the  chalks  and  clays  as  cement- 
making  materials  are  the  Lias  formations  of  Warwickshire, 
the  centre  of  the  industry  being  near  Rugby;  several 
large  factories  have  for  many  years  past  been  established 
in  this  district,  the  oldest  in  fact  being  practically  con- 
temporaneous with  the  earliest  factories  on  the  Thames 
about  the  middle  of  last  century.  By  judicious  blending 
of  the  stones  and  shales  of  these  formations,  an  excellent 
Portland  Cement  is  produced.     These  materials,  however, 
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being  of  a  less  easily  reducible  nature  in  the  first  operation 
of  mechanical  mixing,  are  generally  treated  by  what  is 
known  as  the  dry  process,  viz.  ground  in  a  dry  state 
between  mill-stones  or  other  convenient  machinery,  to 
enable  them  to  be  intimately  blended.  This  process  of 
manufacture,  taken  in  conjunction  with  the  considerably 
greater  cost  of  getting  the  raw  materials  (in  some  cases 
nearly  two  tons  of  shale  have  to  be  tipped  to  spoil  for 
every  ton  of  stone  obtained),  renders  the  cement  rather 
more  expensive  to  manufacture  than  that  produced  from 
chalk  and  clay  by  the  wet  process,  and  it  may  therefore 
be  stated  generally  that  the  cement  thus  manufactured 
in  the  Midlands  is  consumed  locally,  in  contradistinction 
to  that  of  the  great  export  factories  of  the  Thames  and 
Medway.  The  following  analyses,  taken  from  our  testing 
books  of  1906,  may  be  quoted  as  showing  the  composition 
of  blue  Lias  stone  and  shale,  and  of  the  cement  produced 
therefrom : — 


Lias  Stones 

No.  I. 

No.  2. 

No.  3. 

Water  and  organic  matter 

1*46 

297 

309 

Silica 

• 

8-39 

1237 

1678 

Alumina . 

36s 

498 

8-03 

Oxide  of  iron  . 

•89 

I '45 

2-13 

Carbonate  of  lime    . 

83-50 

7623 

6645 

Carbonate  of  magnesia 

■92 

31 

•08 

Magnesia 

•30 

•86 

156 

Sulphuric  anhydride 

trace 

•12 

•14 

Pyrites    . 

•41 

'55 

71 

Alkalies  and  loss 

•48 

•16 

I  03 

1 00*  00 


lOO'OQ  IQO'OQ 


Raw  Materials 
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Lias  Shales 

No.  z. 


Water  and  organic  matter 

Silica 

Alumina . 

Oxide  of  iron  . 

Carbonate  of  lime    . 

Carbonate  of  magnesia 

Magnesia 

Sulphuric  anhydride 

Pyrites    . 

Alkalies  and  loss 


478 
29*36 

10*80 

44*66 

trace 

3*42 

•22 

1*29 

328 

lOO'OO 


No.  2. 
7*96 

35*54 
14*14 

4*95 
3448 
trace 

1*27 
nil. 
trace 
1*66 

• 

1 00 '00 


No.  3. 

10*93 
3763 
16-96 

S'29 

2  2*93 

trace 

i"52 

•50 

3 '09 

1 00 '00 


Cement 

Water  and  carbonic  acid 

Insoluble  residue 

Silica 

Alumina  . 

Oxide  of  iron 

Lime 

Magnesia 

Sulphuric  acid 

Alkalies  and  loss 


•93 

*02 

20*32 

8-91 

2*75 
63*48 

1*55 
73 

lOO'OO 


The  stone  and  shale  are  found  interstratified,  in  layers 
ranging  in  thickness  from  two  inches  to  two  feet,  each 
layer  varying  considerably  in  composition,  so  that  careful 
blending  is  necessary  in  order  to  obtain  the  correct 
proportions.  The  foregping  analyses  are  selected  as  ex- 
amples from  a  quarry  face  containing  about  one  hundred 
different  beds  of  stone  and  shale,  and  are  chosen  with 
the  view  of  showing  the  composition  of  those  strata  which 
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are  richest,  intermediate,  and  poorest  in  carbonate  of  lime, 
respectively. 

The  following  table  gives  the  average  thickness  and  the 
percentage  of  carbonate  of  lime  in  each  of  the  diflTerent 
strata  mentioned  above,  commencing  from  the  top  and 
working  downwards : — 


No. 

r*      Average 
S*  Thickness. 

Percentage 

of  Carbonate 

of  Lime. 

No. 

ft.  ins. 

Percentage 

of  Carbonate 

of  Lime. 

I 

8 

Limestone 

77-80 

28 

3 

Shale 

44-83 

2 

9 

Shale 

40-52 

29 

3i 

Limestone 

84-53 

3 

7 

Limestone 

8ro5 

30 

4 

Shale 

4377 

4 

I     9 

Shale 

3928 

31 

6 

Limestone 

84-31 

^5 

5 

Limestone 

76-83 

32 

5i 

Shale 

48-31 

6 

2      O 

Shale 

3689 

33 

4 

Limestone 

83-87 

7 

9 

Limestone 

7877 

34 

I     3 

Shale 

4104 

8 

I     o 

Shale 

41-26 

35 

9 

Limestone 

8162 

9 

ID 

Limestone 

80-34 

36 

I     8 

Shale 

43*34 

ID 

2      O 

Shale 

2885 

n 

3 

Limestone 

8103 

II 

7 

Limestone 

82-15 

38 

3 

Shale 

45-69 

12 

I    ID 

Shale 

37*45 

39 

8i 

Limestone 

84-59 

13 

Limestone 

7760 

40 

3 

Shale 

43-15 

M 

Shale 

46-44 

41 

3i 

Limestone 

80-59 

15 

Limestone 

82-38 

42 

I     I 

Shale 

22-38 

i6 

Shale 

6rio 

43 

3 

Limestone 

7628 

17 

Limestone 

83-98 

44 

7 

Shale 

38-34 

i8 

8 

Shale 

45-19 

45 

4 

Limestone 

81-23 

19 

5 

Limestone 

82-32 

46 

I 

Shale 

53-91 

20 

I      2 

Shale 

3846 

47 

6 

Limestone 

8435 

21 

8 

Limestone 

87-25 

48 

2    0 

Shale 

24-37 

22 

I     9 

Shale 

3683 

49 

5 

Limestone 

78-25 

23 

6 

Limestone 

81-96 

50 

4 

Shale 

30-06 

24 

I     'i 

Shale 

56-34 

51 

3i 

Limestone 

80-25 

25 

3i 

Limestone 

8375 

52 

8 

Shale 

2484 

26 

3 

Shale 

3956 

53 

7i 

Limestone 

82-24 

27 

5 

Limestone 

82-84 

54 

9 

Shale 

33*49 

Raw  Materials 
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0. 

Average 
Thickness. 

Percentage 

of  Carbonate 

of  Lime. 

No. 

Average 
Thickness. 

Percentage 

of  Carbonate 

of  Lime. 

ft.  ins. 

ft.  ins. 

55 

3i 

Limestone 

81-87 

79 

3 

Limestone 

82-03 

56 

4 

Shale 

31-48 

80 

12 

Shale 

45*74 

57 

3 

Limestone 

79*36 

81 

2i 

Limestone 

82-15 

58 

3i 

Shale 

36*21 

82 

12 

Shale 

52*23 

59 

4i 

Limestone 

66-55 

83 

3i 

Limestone 

84-90 

60 

3    3 

Shale 

23-85 

84 

2i 

Shale 

38-16 

61 

7 

Limestone 

7472 

85 

li 

Limestone 

82*84 

62 

I 

Shale 

45*45 

86 

2 

Shale 

35-91 

63 

8 

Limestone 

6933 

87 

3 

Limestone 

77*40 

64 

3    3 

Shale 

31*81 

88 

6 

Shale 

38*01 

65 

7i 

Limestone 

76-66 

89 

5 

Limestone 

78*96 

66 

6i 

Shale 

4370 

90 

I    0 

Shale 

31*80^ 

67 

3 

Limestone 

78-23 

91 

3 

Limestone 

82*93 

68 

6 

Shale 

37*49 

92 

3 

Shale 

41-41 

69 

3i 

Limestone 

7870 

93 

4i 

Limestone 

82-01 

70 

2i 

Shale 

3650 

94 

3i 

Shale 

39*91 

71 

5 

Limestone 

79*94 

95 

4 

Limestone 

79*90 

72 

I  10 

Shale 

29*04 

96 

10 

Shale 

25-44 

73 

4 

Limestone 

81-12 

97 

3 

Limestone 

72-41 

74 

3 

Shale 

34-46 

98 

2 

Shale 

39*68 

75 

4 

Limestone 

78-28 

99 

5i 

Limestone 

83*90 

76 

5 

Shale 

29-78 

100 

I 

Shale 

56-64 

77 

3 

Limestone 

85*42 

lOI 

34 

Limestone 

87-45 

78 

3 

Shale 

36-14 

Similar  Lias  formations,  which  are  becoming  more  or  less 
extensively  used  for  cement  manufacture,  are  found  in 
South  Wales  near  Cardiff,  and  also  on  the  opposite  side 
of  the  Bristol  Channel,  in  the  Bridgwater  district  of 
Somerset.  The  following  analyses,  taken  from  our  test 
books  of  191 1,  may  be  quoted  as  examples  of  the  average 
stone  and  shale  from  the  working  face  of  a  quarry  near 
Cardiff ; — . 
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Lias  Stones 

No.  I. 

No.  2. 

No.  3. 

Water  and  organic  matter 

•20 

•29 

•06 

Silica       .... 

10-83 

9*30 

IO-4S 

Alumina. 

1*94 

2*57 

2*67 

Oxide  of  iron  . 

•90 

•94 

•98 

Carbonate  of  lime    . 

84*01 

84-19 

8308 

Carbonate  of  magnesia 

i'53 

1*59 

1-66 

Sulphuric  anhydride 

•                    ■ « 

•  ■  • 

... 

Alkalies  and  loss 

•59 

1*12 

I'lO 

100*00 

100*00 

1 00 '00 

Lias  Shales 

No.  I. 

No.  2. 

No.  3. 

Water  and  organic  matter 

1*01 

1*82 

2*12 

Silica       .... 

•       34'i3 

37*73 

40*22 

Alumina .... 

6-is 

io'9S 

12*14 

Oxide  of  iron  . 

1*94 

3-06 

2*65 

Carbonate  of  lime    . 

•       5371 

42-26 

37-46 

Carbonate  of  magnesia 

2 '06 

2*88 

294 

Sulphuric  anhydride 

trace 

trace 

trace 

Alkalies  and  loss 

I'OO 

1*30 

2*47 

lOO'OO 

100*00 

100*00 

As  with  the  Warwickshire  formations,  the  stone  and 
shale  are  found  interstratified  in  alternate  layers,  and 
the  following  table  gives  the  thickness  of  each  layer,  with 
the  carbonate  of  lime  contained  in  each : — 


Raw  Materials 
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^0. 

ll 

Inches. 

Percentile 

of  Carbonate 

of  Lime. 

No. 

Inches. 

Percentage 

of  Carbonate 

of  Lime. 

\\ 

f77"l2 

25 

7 

Clay 

57-53 

2 

8632 

26> 

1 

/ 

'85-74 

3 

4 

5^09 

Limestone  - 

8373 
85-95 

27 
28 

y39 

Limestones 

86-41 

85-'5 

S- 

.8589 

29> 

1 

I 

.88-74 

6 

7 

Clay 

5*'i5 

30 

8 

Clay 

33*7 

7 

7 

Limestone 

81-28 

31^ 

'91-91 

8 
9 

7 

Clay 

8663 
59-00 

32 

33 

36 

Limestone  - 

81-21 
90-96 

10 

13 

Limestone 

88-79 

34. 

.87-94 

II 

13 

» 

85-13 

35 

7 

Clay 

41-64 

12 

>3 

>> 

8785 

36 

7 

Limestone 

87-55 

13 

6 

Clay 

50-98 

37 

3i 

Clay 

52-96 

14 

) 

j 

8596 

38 

7 

Limestone 

86-33 

15 

h^ 

Limestone  -j 

85-40 

39 

l\ 

Clay 

3868 

16 

) 

1 

.92-30 

40 

5 

Limestone 

8362 

17 

8 

Clay 

45  "34 

41 

7 

Clay 

2583 

18 

13 

Limestone 

82-63 

42 

4i 

Limestone 

77-09 

19 

13 

yy 

8289 

43 

3i 

Clay 

47-56 

20 

5 

Clay 

29-78 

44 

4i 

Limestone 

84-32 

21 

10 

Limestone 

88-76 

45 

3i 

Clay 

58-96 

22 

22 

» 

89-38 

46 

4i 

Limestone 

87-65 

23 

3 

Clay 

43-89 

47 

loi 

Clay 

25.73 

24 

13 

Limestone 

875* 

48 

>3 

Limestone 

78-22 

In  many  of  the  Lias  rocks,  a  matter  which  requires 
somewhat  careful  attention,  is  the  occasional  presence 
of  noticeable  quantities  of  iron  pyrites,  which  tends  to 
increase  the  sulphur  compounds  in  the  resulting  cement, 
sometimes  to  a  rather  uncomfortable  extent. 

In  North  Wales  and  elsewhere,  where  suitable  limestone 
and  shale,  or  limestone  and  clay  are  to  be  found,  there  are 
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small  factories  erected  to  supply  local  demands.  The 
following  analyses,  taken  from  our  testing  books  of  1884, 
may  be  interesting  as  showing  the  composition  of  some  of 
the  Welsh  limestones  and  clay,  and  of  the  cement  made 
therefrom  at  that  period  : — 

Limestones 


Silica 

Alumina  . 

Carbonate 
of  lime 

Carbonate 
of  magnesia 


1-025 
trace 


4-350 
trace 


I '95 
065 


I  9770 

•    (    o'499 
la  I       ^^^ 


94*575     77-8 
0625     19507 
Clay 


Silica 
Alumina 
Oxide  of  iron  . 
Carbonate  of  lime  . 

„  magnesia 

Alkalies . 
Organic  matter  and  loss 


I-20  1-25  1-35 

I'oo  0*525  1*90 

81-825  9o'oo  88-15 

16-809  8-68  io'575 


58-557 

15-255 

4*995 
11-425 

6-239 

2-728 

•801 


100*000 

Cement 

Loss  at  212°  . 

•30 

Silica 

22-20 

Alumina 

12-45 

Lime 

57-40 

Magnesia 

5-98 

Sulphuric  acid 

113 

Alkalies  . 

•81 

100*27 

It   will    be   noticed   that   these   materials   contained   a 

varying    but    considerable    quantity   of    magnesia,   often 

resulting  in  a  decidedly  uncomfortable  quantity  of  that 

constituent  being   present  in   the  finished   cement;   they 
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also  had  to  be  treated  by  the  somewhat  more  expensive 
dry  process  of  manufacture.  A  white  marl  deposit  was 
subsequently  found  in  the  neighbourhood,  which,  as  will 
be  seen  from  the  following  analysis,  contained  no  magnesia, 
and  which  could  be  treated  in  the  wash-mill  by  the  wet 
process ;  it  was  therefore  substituted  for  the  limestone, 
with  satisfactory  results.  It  was,  however,  rather  inclined 
to  be  rough  and  gritty,  even  after  treatment  by  the  wet 
stones,  the  grit  apparently  consisting  of  small  nodules  of 
carbonate  of  lime,  and  this  gritty  nature  was  the  source  of 
considerable  trouble.  The  resulting  cement  was,  however, 
a  vast  improvement  on  that  produced  from  the  limestone, 
and,  of  course,  by  the  wet  process  the  cost  of  reduction  was 
materially  less.  The  analyses  of  the  marl,  of  the  clay  used 
with  it,  and  the  cement  produced  from  them,  taken  from 
our  testing  books  of  1885,  are  given  below : — 


Marl 


Silica 

„      (insoluble) 
Alumina  . 
Carbonate  of  lime 


Clay 
Carbonic  acid  . 
Silica        .... 
Alumina  and  oxide  of  iron 
Lime        .         .         .         . 
Magnesia. 
Sulphuric  acid  . 
Water  and  organic  matter . 

Alkalies  and  loss 


•05 

•15 

•50 

9857 

9927 

7*39 
51-82 

2843 

5*19 
301 

i-i8 

249 

99*51 
•49 


lOO'OO 
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Cement 

Loss  at  red  heat 

1-50 

Lime 

61-25 

Silica 

31*20 

Alumina  and  oxide  of  iron 

1 1  "40 

95*35 
Alkalies,  etc.  (not  estimated)  4-65 


1 00 '00 


In  Cambridgeshire  and  elsewhere  natural  marls  are 
found,  the  chemical  constituents  of  which  approximate 
very  nearly  to  that  of  raw  slurry,  i,e,  Portland  Cement 
before  calcination.  The  earliest  method  of  utilising  these 
deposits  for  cement-making  purposes,  was  to  simply 
calcine  the  raw  material  as  it  came  from  the  pits,  with- 
out any  mixing  or  blending.  Owing  to  the  irregular  and 
uncertain  nature  of  the  deposit,  the  resulting  cement  was 
altogether  unreliable,  and  therefore  this  method  had  to  be 
abandoned.  The  more  recent  method  is  to  thoroughly 
mix  and  blend  the  marls,  by  passing  them  through  a 
wash-mill  in  the  ordinary  way,  sometimes  with  the 
addition  of  a  small  quantity  of  the  chalk  found  in  the 
neighbourhood.  During  the  last  few  years  these  deposits 
have  also  been  most  successfully  and  economically  treated 
by  the  dry  process,  the  somewhat  soft  nature  of  the  marl 
rendering  it  peculiarly  adapted  for  grinding  and  mixing 
in  the  dry  state. 

The  unreliable  nature  of  the  cement  produced  by  the 
direct  calcination  of  the  deposits  in  the  earlier  attempts, 
gained  a  rather  unenviable  notoriety  for  the  cements  made 
from  the  Cambridgeshire  marls,  and,  judging  from  samples 
that  came  under  the  author's  notice  some  twenty-five  years 
ago,  it  certainly  was  the  most  utter  rubbish  that  was  ever 
honoured  with  the  name  of  Portland  Cement.     During  the 
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last  few  years,  however,  he  has  had  occasion  to  test  and 
examine  samples  of  cement  more  recently  produced  in 
that  neighbourhood,  and  the  results  show  that,  with 
proper  care,  a  Portland  Cement  can  be  produced  equal, 
if  not  superior,  to  the  Thames  and  Medway  brands.  The 
following  analyses,  taken  from  our  testing  books  of  1887 
and  1901,  may  be  given  as  examples  of  the  Cambridge- 
shire malrs;  it  will  be  seen  that  they  approximate  very 
nearly  to  the  constituents  of  raw  Portland  Cement  slurry, 
and  only  require  either  proper  blending,  or  a  very  small 
addition  of  chalk,  to  bring  them  up  to  the  j6  per  cent,  of 
carbonate  of  lime  usually  present  in  an  ordinary  slurry 
or  compo : — 
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No.  2 

Loss  at  213' 

I '20 

«'25 

Silica 

i7'25 

12*96 

Alumina  and  iron  oxide 

7*25 

7-35 

Carbonate  of  lime 

• 

73'92 

76'66 

„           magnesia 

trace 

1*45 

Alkalies  and  loss. 

•45 

•33 

1 00*07 

lOO'OO 

A  source  of  raw  material  which  has  lately  been  utilised 
for  cement-making  purposes,  is  the  lime-waste  from  alkali 
and  similar  works.  The  great  obstacle  which  has  hitherto 
prevented  this  material  being  utilised  for  that  purpose,  is 
the  considerable  amount  of  sulphide  usually  contained  in  it 
— ^sufficient,  in  fact,  to  render  the  cement  absolutely  danger- 
ous and  useless.  A  process  has,  however,  been  devised  by 
which  nearly  all  the  sulphur  is  recovered  from  the  waste, 
rendering  it  sufficiently  pure  for  cement-making  purposes. 
The  author  had  occasion  recently  to  visit  an  alkali  works 
where  this  waste,  by  mixture  with  a  local  clay,  was  success- 
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fully  used  for  the  manufacture  of  a  high-class  Portland 
Cement.  The  waste  being  in  an  extremely  fine  state 
of  division,  it  was  found  impossible  to  mix  it  with  the  clay 
by  the  continuous  process  of  washing  ordinarily  in  use  with 
chalk  and  clay,  as  the  waste  simply  passed  out  of  the  mill 
as  fast  as  it  was  fed  in.  An  intermittent  process  was 
therefore  adopted,  each  mill-full  being  thoroughly  mixed 
and  tested  as  to  the  accuracy  of  the  proportions  before 
being  conveyed  to  the  drying  floors.  The  waste  being  in 
such  a  fine  state  of  division,  one  frequent  cause  of  un- 
satisfactory results  with  ordinary  chalk — viz.  the  presence 
of  small  unreduced  lumps  of  chalk  in  the  slurry — was 
eliminated;  and,  moreover,  as  it  contained  a  considerable 
amount  of  carbon,  also  in  a  fine  state  of  division,  the  fuel 
required  for  calcination  was  considerably  less  than  that 
used  with  ordinary  materials.  Particular  attention  was 
paid  to  the  grinding  of  the  calcined  clinker,  and  thus  a 
first-class  Portland  Cement  was  produced.  Below  are 
given  the  analyses  of  the  raw  materials  and  of  the 
resulting  cement : — 
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Water  and  organic  matter . 
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Carbonic  acid  . 

39-60 

Silica 
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Alumina  . 
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Oxide  of  iron    . 

1-33 

Lime 
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Sulphuric  acid  . 
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Potash 
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Clay 

Water  and  organic  matter . 

4-85 

Carbonic  acid 

7-65 

Silica 

48-31 

Alumina 

23-35 

Oxide  of  iron 

516 

Lime 

581 

Magnesia.        .        .         .         .         . 
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Sulphuric  acid 

I '53 

Potash 

•32 

Soda 

•23 
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Cement 

Water  and  carbonic  acid  . 

1*40 

Silica 

^9*55 

Alumina 

10-65 

Oxide  of  iron 

330 

Lime 

5955 

Magnesia 

2-41 

Sulphuric  acid  .... 

2-08 

Potash 

•51 

Soda 

•37 

99-82 

The  raw  materials  hitherto  mentioned  are  the  principal 
ones  from  which  Portland  Cement  is  manufactured  in 
England.  In  Appendix  IL  is  given  the  chemical  com- 
position of  materials  which  are  utilised  to  a  greater  or  less 
extent  for  cement  making  in  England  and  other  parts  of 
the  world,  and  which  may  be  of  interest  as  showing  that 
cement-making  materials  exist  almost  everywhere,  although 
not  always  in  sufficient  quantity,  or  capable  of  sufficiently 
economical  treatment,  to  be  available  commercially. 

The     foregoing     materials,    differing    widely    in    their 
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physical  properties,  naturally  require  different  methods 
of  treatment  in  the  first  operation  of  mechanical  mixture ; 
these  methods  of  treatment  may  be  classed  under  two 
principal  heads,  viz.  the  wet  process,  and  the  dry  process. 
The  wet  process,  with  one  or  two  exceptions,  is  adopted 
for  all  those  materials  which  by  treatment  in  a  wash-mill, 
with  a  large  excess  of  water,  can  be  broken  up  and  reduced 
to  a  perfectly  homogeneous  creamy  mixture,  technically 
termed  slip  or  slurry.  The  chalks  and  clays  of  the  London 
district  and  elsewhere,  and  also  the  soft  marls  of  the 
Cambridgeshire  district,  are  treated  by  this  process.  The 
dry  process  is  generally  adopted  with  those  materials 
which  are  of  too  hard  a  nature  to  be  treated  in  the  wash- 
mill.  It  consists  of  first  drying  the  raw  materials,  if 
necessary,  and  then  grinding  them  together  in  the  correct 
proportions  to  a  more  or  less  impalpable  powder;  the 
resulting  powder,  technically  termed  raw  meal  or 
compo,  is  then  damped  sufficiently  to  enable  it  to 
be  pressed  into  bricks,  which  are  again  dried  before  being 
loaded  into  the  kilns  for  calcination,  or,  in  the  case  of 
rotary  kilns,  the  raw  meal  is  fed  direct  into  the  kiln.  In 
both  wet  and  dry  processes  the  method  of  treatment  after 
calcination  is  the  same,  the  clinker  after  it  leaves  the  kilns 
being  reduced  to  a  powder  by  any  convenient  comminuting 
machinery. 


CHAPTER   III 

WET  PROCESS 

The  wet  method  of  manufacture,  for  dealing  with  chalk 
and  clay,  or  other  soft  materials  which  can  be  treated  in 
a  wash-mill,  may  be  subdivided  into  two  separate  heads, 
VIZ.  the  "  Wet  Process,"  and  the  "  Semi-Wet  or  Goreham 
Process."  The  latter  is  the  later,  and  almost  exclusively 
used  at  the  present  time,  as  it  does  away  with  the  necessity 
of  backs  or  settling  tanks,  the  slurry,  after  leaving  the 
mills  being  pumped  direct  to  the  kilns,  thus  effecting  a 
considerable  economy  in  labour. 

The  wet  method  of  manufacture  consists  of  mixing  the 
chalk  and  clay,  or  other  materials  which  are  capable  of 
such  treatment,  in  a  wash-mill  with  water,  until  they  are 
broken  up  and  reduced  to  a  sufficient  degree  of  fineness 
to  pass  through  the  grating,  with  which  the  outlets  of  the 
mill  are  provided. 

The  wash-mill,  a  sectional  elevation  and  plan  of  which 
are  given  in  fig.  i,  consists  of  an  annular  pit,  about  four- 
teen to  eighteen  feet  in  diameter,  according  to  the  required 
output,  lined  with  brickwork,  in  and  around  which  revolve 
a  series  of  harrows,  carrying  a  number  of  suitable  tines  or 
knives  to  break  up  the  materials  under  treatment.  These 
harrows  are  suspended  by  chains  from  a  series  of  radial 
horizontal  arms,  properly  stayed  and  braced,  the  whole 
being  driven  by  a  crown  wheel  at  the  top  of  the  central 
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vertical  spindle.  The  illustration  is  reduced  from  a  work- 
ing drawing,  and  it  will  be  noticed  that  only  the  two 
outside  tines  in  each  case  are  shown  in  full.  The  harrows 
are  triangular  in  plan,  as  indicated  by  the  dotted  lines,  and 
each  one  contains  about  twenty  tines,  which  are  so  arranged 
that  in  their  path  round  the  mill  every  part  of  its  area  is 
swept  by  them.  In  order  to  further  assist  the  breaking  up 
of  the  chalk,  spikes  and  jagged  projections  are  sometimes 
inserted  round  the  outer  walls  of  the  mill,  so  that  when  the 
chalk  is  violently  dashed  against  them,  its  reduction  may 
be  thereby  assisted.  This,  however,  is  not  a  usual  practice, 
and  would  only  answer  in  the  case  of  grey  chalk,  which 
contains  no  flints;  the  flints  in  an  ordinary  white  chalk 
would  soon  render  such  projections  valueless. 

In  using  chalk  and  clay,  the  usual  method  is  to  feed  the 
raw  materials,  by  means  of  barrows,  through  a  convenient 
tip-hole  at  the  side  of  the  mill,  a  trustworthy  man  being 
placed  in  charge,  to  see  that  the  proper  proportion  of  each 
material  is  used.  It  is  unnecessary  to  add  that  this  tip- 
hole  should  be  so  arranged,  in  accordance  with  the  direction 
in  which  the  mill  is  revolving,  that  the  materials  will  have 
to  traverse  the  greater  part  of  the  circumference  of  the 
mill  before  coming  to  the  outlet,  for  it  is  obvious  that  if 
the  outlet  grating  is  close  to  the  tip-hole,  and  the  materials 
are  dashed  against  it  immediately  on  entering  the  mill, 
some  of  them,  especially  the  softer  clay,  and  probably 
some  of  the  finer  chalk,  will  pass  through  without  being 
treated  by  the  mill. 

With  most  materials  of  this  description,  it  will  be  found 
convenient  to  arrange  the  barrows  of  such  size,  that  two 
barrows  of  chalk  are  required  to  one  barrow  of  clay,  both 
being  weighed  in,  and  so  that,  the  chalk  barrows  being 
kept  constant  in  weight  and  size,  any  alteration  in  the 
proportion  of  the  raw  materials  used,  may  be  effected  by 
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reducing  or  increasing  the  weight  of  clay  used.  In  some 
cases  it  is  found  economical  to  first  partially  reduce  the 
chalk,  by  running  it  through  crushing  rollers  before  feeding 
it  into  the  mill,  but  the  more  usual  method  is  to  provide 
the  wash-mill  gang  with  sharp-pointed  hammers  or  picks, 
with  which  to  break  the  large  pieces  of  chalk,  so  that  no 
chalk  is  fed  into  the  mill  in  lai^er  pieces  than  three  or 
four  inches  in  diameter.  Of  course,  immediately  the 
materials  are  fed  into  the  mill  the  larger  pieces  gravitate 
to  the  bottom,  where  they  are  gradually  reduced  by  the 
action  of  the  harrows  until  fine  enough  to  pass  out  through 
the  grating  provided  for  that  purpose.  The  water  necessary 
for  the  reduction  of  the  materials  is  generally  fed  in  at  the 
centre  of  the  mill,  the  supply  pipe  leading  into  a  circular 
funnel  arrangement  fixed  to  the  centre  spindle,  which 
revolves  with  the  mill,  and  from  which  two  pipes  deliver 
just  above  the  level  of  the  harrows ;  this  method  ensures 
the  water  being  more  evenly  distributed  than  if  fed  in 
from  any  fixed  point  on  the  outside. 

The  chief  point  of  difference  between  the  now  obsolete 
"  Wet  Process  "  and  the  Goreham  or  "  Semi- Wet  Process  " 
is,  that  in  the  former  the  whole  of  the  work  was  done  by 
the  wash-mill  itself,  with  the  aid  of  a  large  excess  of  water, 
and  after  leaving  that  mill,  the  raw  materials  were  in  a 
perfect  state  of  mechanical  amalgamation  ;  whereas,  in  the 
latter  process,  much  less  water  is  used,  and  the  wash-mill 
only  partially  completes  the  work,  the  final  reduction  and 
mixing  being  accomplished  by  means  of  millstones  or 
other  convenient  grinding  machinery. 

By  the  semi-wet  process,  only  sufficient  water  is  added 
to  render  the  mixture  sufficiently  fluid  to  be  readily 
pumped  to  the  kiln  ;  the  slurry  generally  contains  40 
to  45  per  cent,  of  water,  which  means  about  10  or  15 
per  cent,  of  added  water,  according  to  the  amount  con- 
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taincd  in  the  raw  materials.  At  the  outlets  of  the  mill  a 
stout  iron  grating  is  used,  the  individual  bars  of  which 
are  wedge-shaped  in  section,  as  shown  in  fig.  2,  the 
broader  end  of  the  wedge  facing  inwards;  these  bars  are 
usually  placed  about  |  inch  apart,  so  that  when  the 
materials  are  sufficiently  reduced  to  pass  this  grating  they 
leave  the  wash-mill  to  be  further  treated  by  the  millstones 
or  whatever  grinding  machinery  may  be  adopted.  On 
leaving  the  wash-mill  the  rough  slip  or  slurry  passes  into 
the  elevator  sump,  whence  it  is  elevated  by  means  of  a 
strap  elevator  or  other  convenient  method  to  the  small 
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Fig.  2. 

feeding  tank  placed  over  the  wet  mills.  This  elevator 
ordinarily  consists  of  a  rubber  composite  belt,  about  one 
foot  broad,  running  on  flanged  pulleys  top  and  bottom, 
with  buckets  bolted  to  it,  of  such  size  and  at  such  intervals, 
that  the  amount  of  slurry  passing  through  the  mill  can  be 
readily  dealt  with.  Like  all  elevators  of  this  class,  it  is,  of 
course,  driven  from  the  top  pulleyj  and  for  work  of  this 
sort  it  is  essential  that  the  bucket  belt  should  be  kept 
fairly  tight,  so  as  to  prevent  slipping  as  far  as  possible, 
should  its  inner  surface  come  into  contact  with  the  greasy 
slurry.  A  very  good  arrangement  for  effecting  this  object, 
which  from  personal  experience  answers  very  well,  is  to 
arrange  the  bearing  of  the  lower  pulley  on  a  sort  of  rect- 


40  Portland  Cement  Manufacture 

angular  frame,  which  is  hinged  at  one  end  and  weighted  at 
the  other,  so  that  any  slight  slackness  of  the  belt,  due  to 
stretching  or  other  cause,  is  thereby  compensated,  and  the 
elevator  always  maintained  at  one  degree  of  tension. 
Although  belt  elevators  have  now  come  into  general  use 
for  this  purpose,  wheel  elevators  of  the  type  shown  in  fig.  3 
are  sometimes  used  for  slurry  elevation.  As  will  be  seen 
from  the  illustration,  which  is  reduced  from  a  working 
drawing,  it  consists  of  a  large  skeleton  wheel,  with  buckets 
fixed  on  its  outer  circumference,  and  it  must  of  course 
be  of  sufficient  diameter  to  elevate  the  slurry  to  the  desired 
height.  There  is  this  to  be  said  in  favour  of  the  wheel 
elevator,  that  when  it  is  once  erected,  it  will  run  for  a  long 
time  with  practically  no  attention,  whereas  the  wear  and 
tear  on  a  bucket  belt  is  considerable,  and  a  firm  of  manu- 
facturers recently  assured  the  author  that  they  had  quite 
lately  abandoned  belt  elevators  in  favour  of  the  wheel 
type. 

With  the  white  chalks,  where  flints  are  abundant,  and 
often  embedded  in  the  centre  of  the  mass,  it  is  impossible, 
even  by  the  most  careful  picking,  to  prevent  a  certain 
amount  of  flint  passing  into  the  wash- mill,  and  the  friction 
of  these  flints  causes  the  harrow  tines  or  knives  to  wear  away 
very  rapidly.  The  usual  form  of  harrow  tine  is  square  in 
section,  with  a  shoulder  and  thread  formed  at  the  upper  end, 
to  enable  it  to  be  passed  through  the  opening  provided  in 
the  harrow  frame,  and  firmly  fixed  thereto  by  means  of  a  nut. 
Where  these  tines  or  knives  wear  very  fast  on  account  of 
flints,  a  modification  is  sometimes  adopted,  the  tines  being 
made  of  flat  bar  iron,  rectangular  in  section,  fixed  by  means 
of  a  set  screw  to  a  specially  designed  harrow  frame,  and 
projecting  through  the  top;  as  the  bottom  of  the  tine 
wears,  the  working  end  can  be  lengthened  by  loosening  the 
set  screw,  and  lowering  it  through  the  harrow  frame  to  the 
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desired  depth.  A  further  modification  of  the  same  idea,  is 
to  adjust  the  height  of  the  tine  by  simply  passing  a  ring 
or  pin  through  it,  to  prevent  it  failing  too  far  through  the 
frame,  and  holes  being  made  in  the  tine  at  suitable  inter- 
vals, it  can  be  lowered  by  simply  shifting  the  pin  or  ring  to 
the  hole  next  above  it. 

In  cases  where  a  hard  chalk  has  to  be  used,  which  is  more 
than  usually  difficult  of  reduction,  the  wash-mill  process  is 
sometimes  divided  into  stages,  the  chalk  alone  being  first 
dealt  with  and  reduced,  before  the  clay  is  added.  It  is 
usual  in  such  cases  to  first  pass  the  chalk  through  crushing 
rollers,  which  partially  reduce  it,  whence  it  passes  to  wash- 
mill  No.  I  ;  here  water  is  added,  and  by  means  of  heavy 
harrows  of  special  design,  it  is  broken  up  fine  enough  to 
pass  a  coarse  grating  into  mill  No.  2.  In  this  mill  the  clay 
is  added,  and  the  slurry  passes  out  into  mill  No.  3  for  a 
final  mixing  and  reduction,  after  which  it  is  passed  through 
wet  stones,  to  ensure  the  thorough  reduction  of  the  chalk 
and  a  complete  amalgamation  with  the  clay. 

With  flinty  chalk,  it  is  also  found  necessary  to  periodic- 
ally run  the  mill  empty,  or  "  wash  down  "  as  it  is  called,  in 
order  to  remove  the  flints  which  accumulate  at  the  bottom 
of  the  mill ;  this  is  accomplished  by  stopping  the  supply 
of  chalk  and  clay,  and  continuing  for  a  while  the  supply  of 
water,  so  that  in  a  few  minutes  all  the  reducible  material 
has  passed  out,  and  nothing  is  left  in  the  mill  but  the  flints, 
and  perhaps  a  few  very  hard  pieces  of  chalk.  Generally 
speaking,  it  is  undesirable  to  allow  this  thin  slip  and 
excess  of  water  to  pass  to  the  kilns  in  the  ordinary 
way,  a  more  convenient  method  being  to  pump  it  into  a 
small  back  or  reservoir  specially  constructed  for  that  pur- 
pose, and  utilise  the  slurry  thus  produced  for  daubing  kilns, 
and  odd  jobs  of  a  similar  nature.  In  addition  to  the  large 
excess  of  water,  the  wash-down  slurry  generally  contains 
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a  considerable  excess  of  chalk ;  owing  to  the  clay  being 
the  more  easily  reduced,  as  soon  as  the  supplies  are  stopped, 
it  rapidly  passes  out  of  the  mill,  and  the  remaining  slurry, 
if  not  pure  chalk,  at  all  events  contains  a  great  deal  too 
much  of  that  material.  To  avoid  this  excess  of  chalk, 
the  author  always  adopted  the  plan  of  adding  one  or  two 
barrows  of  clay,  according  to  requirements,  during  the 
wash-down  process,  so  that,  with  the  exception  of  an  ex- 
cess of  water,  there  was  not  much  amiss  with  the  resulting 
slurry. 

The  millstones  used  for  the  final  reduction  and  amalga- 
mation of  the  slurry  are  the  ordinary  French  burrs  of  the 
usual  bedstone  and  runner  type,  the  most  general  size 
being  4  feet  6  inches  in  diameter,  of  which  an  illustration 
is  given  in  fig.  25,  p.  128.  The  usual  method  of  feeding 
the  wet  stones  is  to  allow  the  rough  slurry  to  run  from  the 
small  feeding  tank  or  reservoir  above,  where  it  is  deposited 
by  the  elevator,  through  a  wooden  shoot  or  trough  into  the 
eye  of  the  stone,  a  separate  shoot  with  a  suitable  cut-off 
arrangement  being  provided  for  each  pair  of  stones.  To 
prevent  the  slurry  splashing  off  the  crossbar  out  at  the  eye 
of  the  stone,  and  thus  passing  to  the  pumps  without  proper 
reduction,  a  circular  cap  or  disc  is  fitted  over  the  eye,  which 
encloses  it  altogether,  with  the  exception  of  a  hole  about 
6  inches  in  diameter,  through  which  the  slurry  is  fed.  The 
wet  stones  are  generally  arranged  on  a  line  shaft,  in  which 
case,  instead  of  the  wooden  trough  arrangement  above 
mentioned,  a  neater  method  of  arranging  the  feed  is  to 
distribute  the  slurry  from  the  service  tank,  through  an 
ordinary  6-inch  cast-iron  slurry  pipe,  running  along  at  the 
back  of  the  stones,  with  a  T-joint  and  short  length  fitted 
with  a  cut-off  for  each  pair  of  stones. 

It  is  hardly  necessary  to  add  that,  in  order  to  obtain 
good  results  with  the  wet  stones,  they  must  be  accurately 
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balanced  so  as  to  run  true,  and  also  be  properly  dressed. 
The  dress  of  millstones  is  a  matter  upon  which  all  prac- 
tical men  differ,  so  that  it  is  hardly  possible  to  lay  down 
any  hard  and  fast  rule  on  that  point.  The  dress  adopted 
by  the  author  for  a  pair  of  stones  of  4  feet  6  inches  dia- 
meter, and  which  he  found  to  give  very  good  results,  was 
as  follows : — 

Runner. — Face^  or  true  horizontal  grinding  surface, 
ten  inches  wide,  properly  staffed  down. 

Throat  or  swallow^  commencing  three  inches  above  face 
and  gradually  diminishing  towards  same. 

Cracks  or  furrows^  about  three  inches  apart,  and  ex- 
tending from  throat  to  about  five  inches  from  edge  of  stone, 
viz.  three  inches  beyond  commencement  of  face. 

Bedstone. — Same  face  and  furrows  as  runner.  Breast 
to  be  kept  down  half  an  inch  below  face. 

It  was  found  that  stones  dressed  according  to  the  above 
method  did  not  require  taking  up  more  than  once  a  month, 
and  produced  a  very  good  slurry,  but  this  of  course  would 
depend  entirely  upon  the  nature  of  the  materials  to  be 
treated. 

In  order  to  practically  avoid  the  necessity  of  dressing 
wet  stones,  Messrs  Addison,  Potter  and  Son,  of  Newcastle, 
have  patented  a  system  of  building  them  up,  by  which  the 
eye  or  throat  is  composed  of  burrs  in  the  ordinary  way,  but 
the  grinding  surface  or  face  is  made  up  of  pieces  of  rock 
emery,  set  in  a  specially  prepared  metallic  composition. 
By  this  means  they  claim  that  the  face  always  keeps  sharp, 
and  only  the  throat  requires  occasional  dressing.  The 
author  has  not  had  personal  experience  of  these  especially 
prepared  stones,  though  certain  well-known  manufacturers 
in  the  north  of  England  testify  to  their  efficiency. 

The  tube  mill,  used  for  the  final  reduction  of  the  cement 
clinker  (see  fig.  38),  is  sometimes  adopted,  instead  of  milU 
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stones,  for  completing  the  final  grinding  of  the  slurry,  with 
very  satisfactory  results  as  regards  efficiency,  especially 
where  a  hard  chalk  is  used  which  is  difficult  of  reduction. 
An  instance  came  under  the  author's  notice  some  few  years 
ago,  in  which  attempts  to  use  a  hard  local  chalk  were  a 
comparative  failure,  owing  to  the  inability  of  the  wet  stones, 
then  exclusively  in  vogue,  to  deal  with  it  efficiently,  and, 
as  a  consequence,  softer  chalk  had  to  be  imported,  entailing 
considerable  extra  cost  for  raw  materials.  The  slurry, 
instead  of  being  of  the  proper,  smooth,  creamy  consistency, 
was  harsh  and  gritty,  owing  to  small  insufficiently  reduced 
particles  of  hard  chalk,  and  the  resulting  cement  suffered 
in  quality  as  a  natural  consequence.  The  subsequent 
introduction  of  the  tube  mill,  as  a  finishing  mill,  entirely 
got  rid  of  this  trouble.  One  great  advantage  of  the  tube 
mill  over  wet  stones  is,  that  it  requires  little  or  no  attention, 
whereas  the  latter  of  course  have  to  be  up  every  three  or 
four  weeks  for  dressing  purposes. 

The  pipes  used  for  conveying  the  slurry  from  the 
pumps  to  the  drying  floors  or  kiln  drying  chambers,  are 
usually  of  cast  iron,  of  six  inches  internal  diameter,  with 
flanged  joints.  It  is,  perhaps,  unnecessary  to  mention  that 
they  should  be  covered  with  a  protective  coating  of  straw  or 
similar  material  to  prevent  injury  from  frost,  through  the 
freezing  and  consequent  expansion  of  the  slurry  contained 
in  them.  The  pipe  line  being  necessarily  carried  over  the 
top  of  the  kilns,  is  consequently  often  in  a  rather  exposed 
situation,  and  instances  have  occurred,  during  severe  winters, 
of  considerable  damage  and  inconvenience  through  the 
neglect  of  this  simple  precaution.  In  some  works  a  half- 
inch  wrought-iron  pipe  is  placed  inside  the  slurry  pipes,  and 
a  jet  of  steam  passed  through  it  when  necessary  ;  this  has 
been  found  very  effective  in  preventing  the  slurry  from 
freezing.     The  form  of  outlet   from   these   pipes,  though 
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perhaps  a  minor  detail,  is  one  which  will  fully  pay  for 
proper  consideration.  A  very  convenient  form  is  that 
shown  in  fig.  4,  commonly  known  as  the  "treacle-pot" 
outlet,  being  of  the  same  design  as  that  used  for  cutting  off 
the  flow  of  such  viscous  fluids.  The  illustration  is  reduced 
from  a  working  drawing,  and  shows  the  outlet  in  plan  as 
seen  from  beneath,  and  in  elevation.     The  cut-off"  disc,  part 


ELEVATION. 


PLAN  FROM  BENEATH. 
Fig.  4. 

of  which  is  elongated  into  a  projecting  handle,  swings  on 
the  bolt  at  the  right,  so  that  the  flow  can  be  wholly  or 
partially  cut  off*  as  required.  Anyone  who  has  experienced 
the  squirting  power  of  slurry  under  pressure,  by  trying  to 
screw  on  an  ordinary  plate-cover,  while  the  pumps  have 
been  working  to  force  the  slurry  to  a  kiln  further  on, 
will  fully  appreciate  the  utility  and  convenience  of  the 
"  treacle-pot ''  outlet. 
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The  pumps  generally  used  for  forcing  the  slurry  through 
the  distributing  pipes  are  of  the  usual  three-throw  type, 


shown  in  (ig.  5,  with  heavy  plungers  of  about  six  or  eight 
inches  diameter,  according  to  the  work  which  they  have  to 
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perform.  An  air  chamber  is  attached  to  the  delivery  pipe 
to  equalise  the  pressure,  and  on  the  top  of  this  air  chamber 
is  fixed  a  pressure  gauge.  By  this  means,  the  man  in 
charge  can  always  see  what  pressure  he  is  putting  up(^n 
the  pipes,  and,  knowing  what  the  pressure  should  be  to  a 
certain  distance,  he  can  to  some  extent  thereby  regulate  the 
fluidity  of  the  slurry.  To  prevent  any  chance  of  accident 
or  damage  to  the  pipes  or  gearing  from  over-pressure,  a 
weighted  safety  valve  is  fitted  to  the  delivery  pipe,  which 
allows  the  slurry  to  blow  off  back  into  the  sump,  when  the 
pressure  exceeds  a  certain  limit.  These  pumps  are  driven 
by  fast  and  loose  pulleys,  and  the  crank  driving  each  pump 
is  arranged  at  a  different  angle  on  the  shaft ;  by  this  means 
each  pump  does  its  work  at  a  different  period  of  the  revolu- 
tion of  the  shaft,  thus  equalising  the  pressure  and  maintain- 
ing a  steady  stream  of  slurry.  If  a  certain  pump  is  not 
doing  its  work  properly,  the  pressure  on  the  gauge  will 
naturally  drop  suddenly  during  the  stroke  of  that  pump, 
and  an  examination  of  the  gauge  will,  therefore,  indicate  if 
each  one  is  doing  its  fair  share  of  work. 

Where  the  chalk  supply  is  at  a  convenient  distance, 
arrangements  are  sometimes  made  to  wash  the  chalk  at 
the  quarry,  and  pump  it  to  the  works  in  a  fluid  condition. 
In  one  instance  where  this  is  done,  the  chalk  is  washed 
with  a  considerable  excess  of  water,  practically  the  same 
as  when  used  for  the  wet  process,  and  is  then  pumped  to 
the  works  to  a  series  of  settling  backs,  where  the  greater 
part  of  the  water  is  allowed  to  drain  off.  It  is  then  con- 
veyed in  wagons  to  the  wash-mill,  where  the  clay  is  added, 
and  after  leaving  this  wash-miil,  passes  through  a  second 
one,  to  ensure  complete  mixture  with  the  clay  before 
going  to  the  slurry  pumps  for  distribution  to  the  kilns. 
The  proportions  of  chalk  and  clay  are  based  on  the 
weight  of  dry  chalk,  and  as  the  water  contained  in  the 
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washed  chalk  necessarily  varies  a  good  deal,  the  exact 
amount  is  carefuily  estimated  every  day,  and  the  propor- 
tions calculated  therefrom.  By  this  method,  wet  stones 
niay  be  dispensed  with,  as  the  chalk  is  thoroughly  reduced 
in  the  quarry  wash-mill  before  being  pumped  to  the  works, 
while  the  soft  nature  of  the  clay  enables  it  to  be  thoroughly 
reduced,  and  amalgamated  with  the  chalk,  by  passing 
through  the  two  consecutive  wash-mills  at  the  works.  If 
the  chalk  contains  any  appreciable  quantity  of  sandy,  gritty 
matter  or  fine  flints,  such  will  be  found  to  settle  in  a  fairly 
well  defined  heap  under  the  shoots,  where  the  fluid  chalk 
enters  the  backs.  This  sediment  cannot,  of  course,  be  used 
for  cement-making  purposes  under  such  conditions,  and  it 
is  therefore  carefully  avoided  by  the  wash-mill  gang,  and 
removed  when  the  back  is  emptied. 

The  most  important  item  of  the  wet  process  is,  that 
the  chalk  should  be  thoroughly  reduced,  and  the  materials 
thoroughly  amalgamated.  Where  a  flinty  chalk  is  used, 
little  pieces  of  flint,  in  passing  through  the  wet  stones, 
are  so  difficult  of  reduction,  that  they  raise  the  edge 
of  the  stones  and  cause  them,  in  the  miller's  parlance 
"to  throw  grit,"  i.e,  allow  coarse  particles  of  chalk  to 
escape.  The  clay  being  of  a  readily  reducible  nature, 
will  generally  amalgamate  fairly  easily,  the  chief  difficulty 
lying  with  the  chalk.  Samples  should,  therefore,  be  taken 
periodically  from  the  shoots  leading  to  the  pumps,  to  as- 
certain if  the  reduction  is  efficiently  accomplished.  A 
rough  opinion  can  be  formed  by  the  feel  of  the  slurry 
between  the  thumb  and  finger ;  if  unreduced  particles  of 
chalk  are  present  to  any  appreciable  extent,  it  will  have  a 
rough  gritty  feeling,  instead  of  the  smooth  creamy  consist- 
ency of  a  perfectly  washed  slurry.  The  best  method  of 
testing  its  fineness  of  reduction  is  to  wash  a  measured  quan- 
tity, say  ten  fluid  ounces,  through  a  sieve  of  76  holes  per 

E 


50  Portland  Cement  Manufacture 

lineal  inch,  and  also  through  one  of  i8o  holes,  and  to  mea- 
sure any  residue  that  may  be  left  in  a  graduated  measuring 
vessel.  The  residue  on  the  former  sieve  should  not  exceed 
\  per  cent,  and  on  the  latter  3  per  cent.  On  the  excellence 
of  this  mechanical  mixture  more  depends  than  is  generally 
recognised,  as,  if  the  coarse  particles  of  chalk  in  the  slurry 
exist  to  any  great  extent,  it  will  be  impossible  for  the  silica 
and  alumina  of  the  clay  to  combine  properly  with  them, 
or,  so  to  speak,  for  the  silica  and  alumina  to  soak  up  the 
lime  during  the  process  of  calcination.  If  the  mixture  is 
imperfect,  the  combination  between  the  lime,  silica  and 
alumina  will  also  be  imperfect,  and  an  imperfect  and  greatly 
weakened  cement  is  the  result.  Further  than  this,  the 
more  complete  the  mechanical  mixture,  the  greater  the 
quantity  of  chalk  that  can  be  used  with  safety,  and,  cateris 
paribus,  the  stronger  the  cement  obtained;  and,  what  is 
still  more  important,  it  will  generally  be  found  that  an  im- 
perfectly or  badly  washed  slurry  will  tend  to  produce  a 
weak  and  blowy  cement,  owing  to  the  imperfect  combina- 
tion of  the  lime  in  the  process  of  calcination.  A  marked 
illustration  of  the  above  fact,  viz.  that  the  better  the  mixture 
the  greater  the  amount  of  chalk  that  may  be  used  with 
safety,  came  under  the  author's  notice  a  few  years  ago  at  a 
cement  factory,  where  for  a  time,  during  transition  from 
wet  to  semi-wet,  both  processes  were  in  operation  at  the 
same  time ;  exactly  the  same  materials  were  used  in  each 
case,  and  it  was  always  found  that,  owing  to  the  more  perfect 
mixture  obtainable  with  the  wet  process,  one  or  one  and  a 
half  per  cent,  more  carbonate  of  lime  could  be  used  with 
safety  than  with  the  semi-wet  process.  Personal  observa- 
tion at  the  various  cement  works  in  the  London  district 
suggests  that,  in  this  particular,  there  is  still  room  for  some 
improvement  in  the  English  practice,  and  a  little  money 
expended  on  the   perfection  of  the  mechanical  reduction 
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of  the  raw  materials  would  be  amply  repaid  by  an  im^ 
proved  manufacture,  to  say  nothing  of  less  liability  to 
danger  if  the  slurry  is  rather  fully  limed. 

As  an  illustration  of  the  foregoing  remarks,  full-sized 
photographs  of  three  samples  of  slurry  are  reproduced  in 
figs.  6,  7,  and  8,  showing  different  degrees  of  perfection  of 
the  mechanical  mixture  ;  they  may  be  classed  as  examples 
of  badly  washed  and  well  washed  slurry,  and  the  ideal 
mixture.  In  No.  6  it  will  be  seen  that  the  pieces  of  unreduced 
chalk  range  as  large  as  ^  inch  in  diameter ;  and  pieces  of  flint 
of  about  the  same  size,  which  are  doubtless  responsible  for 
the  imperfect  grinding,  are  plainly  visible  as  black  angular 
fragments  in  various  parts  of  the  sample.  In  fig.  7  there 
are  no  particles  of  chalk  much  larger  than  the  point  of  a  pin ; 
while  in  fig.  8  the  mixture  is  so  nearly  homogeneous,  that  the 
presence  of  minute  particles  of  unreduced  chalk  is  only  indi- 
cated by  the  streaks  produced  by  the  knife  in  planing  off 
a  level  surface  for  the  purpose  of  obtaining  a  photograph. 

The  bad  effects  of  faulty  washing,  ue,  coarse  particles  of 
chalk  in  the  slurry,  may  be  obviated  to  a  certain  extent  by 
using  more  fuel  in  calcination,  as  the  higher  the  temperature, 
the  more  readily  the  coarser  particles  combine,  but  by  this 
means  the  resulting  cement  is  materially  weakened,  as  in 
obtaining  a  sufficient  temperature  to  cause  these  coarser 
particles  to  combine,  the  other  parts  of  the  slurry  are  over- 
burned,  or  calcined  beyond  that  point  of  incipient  vitri- 
fication which  has  been  found  to  produce  the  best  cement, 
to  say  nothing  of  the  cost  of  the  extra  fuel  consumed. 

The  author  was  lately  assured  by  a  member  of  a  large 
firm  of  manufacturers,  who  had  recently  put  down  special 
plant  to  improve  the  reduction  of  the  chalk  and  the  inti- 
mate mixture  of  the  raw  materials,  that  they  had  found  such 
a  course  to  be  economical,  as  the  more  thoroughly  washed, 
or  rather  the  more  finely  ground  slurry  thus  produced,  took 
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considerably  less  fuel  for  calcination  than  before.  It  needs 
very  little  comprehension  to  understand  that,  within  certain 
limits,  the  more  complete  and  intimate  the  mechanical 
mixture,  the  less  heat  will  be  required  to  bring  about  the 
proper  chemical  combination. 

Most  manufacturers,  in  order  to  further  perfect  the 
mixture  and  render  the  composition  of  the  slurry  constant, 
now  make  use  of  auxiliary  mixing  mills,into  which  the  slurry 
is  run  after  it  leaves  the  wet  stones.  These  mills  or  mixers 
consist  of  deep  circular  pits,  about  1 5  feet  in  diameter  and 
6  or  8  feet  deep,  according  to  the  quantity  of  slurry  to  be 
dealt  with,  in  and  around  which  revolve  slowly  a  series  of 
long  vertical  arms  or  stirrers,  suspended  from  and  carried 
round  by  a  horizontal  radiating  beam,  which  is  driven  from 
a  centre  spindle,  very  much  like  a  wash-mill,  in  fact  the 
whole  mixer  is  a  modification  of  the  ordinary  wash-mill. 
Two  or  more  of  these  mills  are  used  in  accordance  with 
the  quantity  of  slurry  to  be  dealt  with,  and  in  addition 
to  perfecting  the  mixture,  they  are  also  used  intermit- 
tently, in  order  to  check  the  proportion  of  carbonate  of 
lime  before  the  slurry  is  pumped  to  the  kilns.  For 
this  latter  purpose  one  mill  is  nearly  filled  and  a  sample 
taken  for  testing  purposes,  the  slurry  meanwhile  being 
turned  into  the  second  mill  while  the  estimation  is  being 
made.  If  the  mixture  is  correct,  it  is  allowed  to  go  for- 
ward to  the  kilns  ;  if  not,  it  is  adjusted  by  adding  clay  or 
chalk  according  to  requirements.  The  author  recently  had 
an  opportunity  of  inspecting  an  installation  of  very  large 
mixers  of  this  type,  for  use  with  a  rotary  kiln  plant,  in 
which  it  is  imperative  that  the  proportions  of  clay  and  chalk 
should  only  vary  within  very  narrow  limits.  These  mixers, 
of  which  there  were  three,  each  had  a  capacity  equivalent 
to  500  tons  of  cement,  and  the  contents  were  kept  in  con* 
tinual  motion  by  slowly  revolving  vertical  stirrers,  attached 


Wei  Process  53 

to  a  still  more  slowly  moving  horizontal  arm,  reaching 
from  the  centre  to  the  outside  of  the  tank.  So  far  as 
regards  regularity  of  composition  of  the  mixture,  this 
method  is  really  more  or  less  a  reversion  to  the  old 
back  system,  in  vogue  with  the  now  obsolete  wet  process, 
since  it  enables  a  comparatively  large  volume,  or  the  result 
of  several  hours'  working,  to  be  thoroughly  mixed  and 
averaged  before  being  fed  to  the  kiln,  and  also  allows  of 
the  correction  of  any  temporary  irregularity  in  the  pro- 
portions of  chalk  and  clay. 

A  still  better  arrangement,  instead  of  the  circular  pits 
above  described,  is  to  make  them  oblong  in  plan,  ue.  with 
parallel  sides  and  semicircular  ends,  in  which  two  or  more 
sets  of  stirring  arms  revolve.  These  stirring  arms  are 
attached  to  vertical  spindles,  driven  by  crown  wheel 
gearing  at  the  top,  and  are  of  such  length  that  they 
correspond  to  the  radius  of  the  semicircular  ends  of  the  pit, 
while  the  spindles  are  rather  more  than  such  radius  apart ; 
the  arms  being  arranged  at  different  equidistant  heights 
on  the  spindles,  and  the  latter  being  made  to  revolve  in 
opposite  directions,  they  overlap  and  pass  between  one 
another  when  the  mill  is  working,  and  thus  keep  the  slurry 
effectually  stirred  and  mixed. 

Another  method  of  averaging  and  adjusting  the  slurry 
mixture,  which  has  lately  been  introduced,  and  appears  to 
be  receiving  favourable  attention,  is  by  means  of  com- 
pressed air.  The  author  was  recently  afforded  an 
opportunity  of  inspecting  a  slurry  mixing  and  adjusting 
plant  on  this  principle,  in  use  with  a  new  rotary  kiln 
installation,  using  stone  and  shale  raw  materials  on  the 
wet  thick  slurry  process.  The  raw  materials  were  first  run 
through  Blake  crushers  of  the  ordinary  type,  and  then 
elevated  to  a  large  hopper  over  the  wet  ball  mill,  which 
wa3  of  the  kind  shown  in  fig.  47 ;  from  thence  it  passed 
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through  a  wet  tube  mill  for  final  reduction,  and  by 
gravitation  to  the  belt  and  bucket  elevator  leading  to  the 
mixing  vats;  these  consisted  of  six  large  circular  iron 
tanks,  about  12  ft.  to  15  ft.  diameter  and  about  30  ft.  deep, 
each  capable  of  holding  about  1 50  tons  of  wet  slurry ;  they 
were  arranged  side  by  side  in  two  rows  of  three,  so  that 
slurry  from  the  elevator  could  be  turned  into  either  at  will. 
The  tanks  were  carried  on  substantial  brickwork  supports, 
and  were  funnel  shaped  at  the  bottom,  from  which  were 
outlet  pipes,  either  leading  direct  to  the  pump  sump 
feeding  the  kiln,  or  to  the  sump  of  a  second  elevator;  the 
purpose  of  the  latter  was  to  allow  any  part  of  the  contents 
of  one  tank  to  be  run  off,  and  elevated  into  any  one  of  the 
other  five  for  blending  purposes.  Introduced  into  the 
bottom  of  each  tank,  a  few  inches  below  the  commence- 
ment of  the  conical  bottom,  and  equidistant  from  each 
other,  were  arranged  five  or  six  iron  pipes,  about  i  J  to  2 
inches  diameter,  leading  to  a  compressed  air  chamber,  kept 
charged  by  a  suitable  power  plant ;  when,  therefore,  it  was 
desired  to  mix  up  and  average  the  contents  of  any 
particular  tank,  kll  that  was  necessary  was  to  turn  on  the 
compressed  air,  and  the  whole  contents  of  that  tank 
immediately  commenced  to  boil  like  a  seething  cauldron, 
resulting  in  very  thorough  mixing  and  homogeneising  of 
the  whole  of  the  contents.  Although  obviously  consider- 
ably more  expensive  in  first  cost  than  either  of  the 
horizontal  revolving  arm  types  of  mixer  previously  de- 
scribed, this  compressed  air  method  of  slurry  mixing  is 
undoubtedly  much  more  thorough  and  effective ;  with  the 
six  interchangeable  tanks,  such  as  in  this  installation,  the 
anxieties  of  the  chemist  in  charge  of  the  manufacture  must 
be  reduced  to  a  minimum,  compared  with  the  early  days 
of  the  wet  process,  when  the  slurry  was  pumped  direct 
from  the  wash-mill  to  the  kiln,  and  no  blending  of  any 
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kind  attempted,  except  that  which  took  place  in  the 
wash-mill. 

The  more  perfect  mechanical  combination,  or  rather 
the  raw  materials  being  more  similar  in  their  chemical 
composition,  is  doubtless  one  reason  why  cement  made 
from  the  Lias  districts  of  Rugby  will  generally  bear  a 
higher  percentage  of  lime  than  those  made  from  chalk  and 
clay.  As  will  be  seen  from  the  analyses  on  page  22,  the 
Lias  stone  contains  a  considerable  amount  of  silica  and 
alumina,  and  the  shale  likewise  contains  a  considerable 
amount  of  carbonate  of  lime,  and  therefore  any  unreduced 
particle  of  either  stone  or  shale  would  not  be  so  totally 
dissimilar  from  the  composition  of  the  properly  mixed 
materials,  as  would  be  the  case  with  a  chalk  containing 
say  99  per  cent',  of  carbonate  of  lime,  and  a  clay  containing 
practically  none  ;  hence  the  result  of  an  imperfect  reduction 
of  the  former  materials  would  not  be  so  likely  to  lead  to 
disastrous  results  as  with  the  latter. 

When  a  grey  chalk  which  contains  no  flints  is  used,  the 
wet  stones  are  sometimes  dispensed  with  altogether,  and 
the  work  of  reduction  carried  out  entirely  by  the  wash-mill. 
According  to  the  process  patented  by  the  late  Mr  W.  G. 
Margetts,  which  is  in  use  at  the  West  Kent  Cement 
Works,  instead  of  the  outlet  from  the  wash-mill  being  fitted 
with  a  grating  with  |-inch  openings,  a  perforated  iron  plate 
is  used  having  |-inch  circular  holes,  and  the  slurry,  after 
passing  through  this  plate,  is  elevated  to  the  wet  mill  in 
the  usual  way.  Instead,  however,  of  being  treated  by  wet 
stones,  it  is  passed  through  vertical  revolving  sieves  of  the 
section  shown  in  fig.  9.  The  framework  of  this  sieve  is 
angular  or  polygonal  in  horizontal  section,  and  is  covered 
with  brass  wire  gauze  of  about  20  meshes  per  lineal  inch. 
As  will  be  seen  by  the  illustration,  it  is  so  arranged  that  the 
slurry  b  fed  in  on  to  a  concave  plate  fixed  to  the  spindle, 
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whence  it  is  p*'OJected  on  to  the  sieve.  The  material  passes 
by  centrifugal  force  up  the  slope  of  the  cone  towards  the 
outer  edge  of  the  sieve,  and  by  that  means  the  sufficiently 
reduced  particles  pass  through,  and  are  led  to  the  pumps  in 
the  usual  way,  while  those  particles  which  will  not  pass  the 
sieve,  fly  out  over  its  outer  edg€  and  are  led  by  a  convenient 
spout  back  to  the  wash-mill  to  be  further  reduced.  The  main 
advantage  of  this  process  is  that  the  power  required  to  drive 
the  sieves  is  infinitesimal  as  compared  with  that  required 


Fig.  9. 

for  the  wet  stones,  and  the  finished  slurry  all  having  to  pass 
through  the  sieves,  the  proper  and  even  reduction  of  the 
chalk  is  thereby  assured.  From  personal  inspection,  the 
slurry  thus  produced  is  quite  equal,  if  not  superior,  to 
that  usually  produced  by  the  wet  stones.  The  use  of  a 
perforated  iron  plate  at  the  outlet  from  the  wash-mill,  in 
place  of  the  usual  grating,  naturally  tends  to  keep  the  ma- 
terials longer  in  the  mill,  and  thus  causes  them  to  be  more 
thoroughly  reduced  in  the  first  instance.  Of  course,  this 
method  could  not  be  used  with  a  flinty  chalk,  as  the  small 
pieces  of  flint  would  very  quickly  cut  holes  in  the  sieves 
.and  render  them  worse  than  useless.     It  may  be  mentionecj 
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here  that  this  patent  anticipated  by  a  few  weeks  a  similar 
one  taken  out  by  the  late  Henry  Faija,  in  February  1885,  for 
an  exactly  similar  purpose  and  accomplished  in  practically 
the  same  manner.  It  was  exhibited  by  him  at  the  Inven- 
tions Exhibitions  of  the  same  year,  but,  probably  owing  to 
the  priority  of  Mr  Margetts*  patent,  was  dropped  shortly 
afterwards.  The  essential  diflFerence,  however,  between  the 
two  patents  was  that  the  Faija  sieve  was  vertical  and 
cylindrical,  whereas  the  Margetts  patent  is  conical  and 
angular.  In  the  latter  case  the  coarse  particles  work  to 
the  edge  by  centrifugal  force,  whereas  in  the  former  they 
were  made  to  drop  towards  the  bottom  by  a  tappet  arrange- 
ment on  the  sieve  itself. 

Another  machine  for  dealing  with  slurry  on  somewhat 
similar  lines,  i>.  sifting  out  the  unreduced  coarse  particles, 
and  returning  them  to  the  mills  for  further  treatment,  is  that 
known  as  Clark's  Mill,  which  appears  to  have  been  success- 
fully adopted  in  several  instances.  It  essentially  consists 
of  a  centrifugal  device  similar  to  a  miniature  wash-mill, 
actuated  by  revolving  brushes,  instead  of  harrows.  The 
slurry  is  fed  in  at  the  top,  and  the  centrifugal  action  of  the 
brushes  throws  it  up  against  a  series  of  sieves  or  perforated 
plates,  arranged  on  the  external  diameter  of  the  drum  or 
casing ;  that  which  passes  the  sieves  goes  forward  to  the 
pumps,  while  the  rejected  material  is  swept  onwards  by  the 
brushes,  and  falls  out  at  the  opening  provided  for  that 
purpose,  to  be  returned  to  the  mills.  In  common  with  all 
such  sifting  devices,  it  takes  but  very  little  power  to  drive, 
generally  from  5  to  7  H.P.,  and  relieves  the  mills  of  a  con- 
siderable amount  of  work,  thus  increasing  their  output ;  the 
author  was  recently  informed  by  a  firm  who  had  adopted  a 
Clark's  Mill  to  deal  with  wet  slurry  from  a  tube  mill,  that  it 
nearly  doubled  the  output  of  the  mill,  without  any  appreci- 
j^ble  din)inutipn  of  the  ef)[iciency  of  the  reduction  process. 
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The  first  point  of  importance  in  the  manufacture  of 
Portland  Cement,  is  that  the  raw  materials  should  be  mixed 
in  their  correct  proportions.  The  original  method  of 
checking  the  correctness  of  the  proportions  was  to  take  a 
sample  of  slurry  as  it  came  from  the  wash-mill,  say  suffi- 
cient to  produce  a  bushel  of  clinker,  dry  it,  and  calcine  it 
in  a  small  sample  kiln  specially  kept  for  that  purpose, 
grind  the  clinker  separately,  and  test  the  cement  thus 
produced  in  the  usual  way.  With  the  older  and  now 
obsolete  wet  process,  where  backs  were  used,  it  was  the 
custom  to  take  an  average  sample  from  each  back  after 
three  or  four  days'  washing,  and  correct  the  mixture  in 
that  particular  back  by  adding  more  or  less  chalk  in  the 
subsequent  washing,  according  as  the  samples  thus  tested 
showed  the  contents  of  the  backs  to  contain  an  insufficiency 
or  an  excess  of  that  material.  This  method  answered  fairly 
well  with  backs,  but  with  the  introduction  of  the  semi-wet 
process  it  was  scarcely  so  satisfactory,  as  the  correctness 
or  otherwise  of  the  washing  could  not  be  ascertained  till 
at  least  two  days  after  the  sample  was  taken,  and,  in  the 
meantime,  the  proportions  might  have  become  hopelessly 
wrong.  Moreover,  although  the  cement  produced  from 
such  a  small  sample  kiln  gives  a  very  good  general  indica- 
tion as  to  what  the  cement  will  be  when  produced  in  larger 
bulk,  it  diflFers  widely  in  many  respects  from  the  cement 
produced  from  clinker  calcined  in  large  masses  in  the  ordi- 
nary way.  The  setting  is  generally  considerably  quicker, 
and  owing  to  the  large  excess  of  coke  necessary  to  obtain 
the  requisite  temperature  with  such  a  small  charge,  and 
the  consequent  abnormal  contamination  by  the  coke  ash,  a 
sample  burnt  in  a  small  sample  kiln  will  bear  considerably 
more  carbonate  of  lime  than  one  burnt  in  a  large  kiln  in  the 
ordinary  way.  It  therefore  follows  that  a  cement  produced 
from  a  sample  kiln  showing  very  slight  signs  of  "  blow," 
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will  generally  mean  serious  "  blow,"  when  the  same  slurry 
is  calcined  in  a  full-sized  kiln  in  the  ordinary  course  of 
manufacture. 

The  most  convenient  method  of  checking  the  propor- 
tions of  raw  materials  during  working,  is  to  ascertain  the 
percentage  of  carbonate  of  lime  in  the  slurry  or  compo, 
which  is  generally  accomplished  by  estimating  the  percent- 
age of  carbonic  acid,  and  calculating  therefrom  the  carbon-  I 
ate  of  lime.  There  are  several  well-known  methods  of  esti- 
mating the  carbonic  acid  gas  in  any  given  substance :  the 
most  convenient,  perhaps,  for  the  cement  manufacturer's 
purpose  is  the  volumetric  method,  which  readily  enables  the 
volume  of  gas  to  be  determined,  and,  by  the  use  of  tables, 
the  percentage  of  carbonate  of  lime  in  the  slurry  can  be 
estimated  in  a  very  few  moments. 

The  first  apparatus  for  this  purpose  that  was  used  to 
any  extent  was  that  devised  by  Dr  Scheibler,  shown  in 
fig.  ID.  The  gas  is  generated  in  the  bottle  A,  and  passes 
into  the  india-rubber  bladder  K  in  the  bottle  B.  The  con- 
sequent displacement  of  the  air  causes  the  water  in  the 
graduated  tube  C  to  fall  accordingly,  and  thus  the  amount 
of  gas  generated  is  measured.  Supposing  the  apparatus 
to  be  connected  up,  as  shown,  and  bottle  E  full  of  water, 
the  method  of  working  is  as  follows :  Open  the  nipper  tap 
P,  and  blow  through  V,  till  the  tubes  C  and  D  are  filled 
with  water  a  little  above  zero  point.  Then  close  P,  and  by 
slightly  opening  it  again,  the  water  is  allowed  to  run  back 
into  E  until  it  is  exactly  at  the  zero  point.  The  stopper  of 
A  being  removed,  the  water  in  filling  C  drives  the  air 
back  into  B  and  compresses  the  bladder  K,  which  should 
be  almost  completely  collapsed  before  each  experiment,  so 
that  there  may  be  no  risk  of  the  gas  subsequently  gene- 
rated being  in  any  way  compressed  within  it.  On  the 
other  hand,  if  the  bladder   is  empty  before  the  water  in 
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the  tubes  reaches  zero,  the  air  in  B  would  be  compressed, 
and  the  water  in  the  graduated  tube  C  would  not  reach 


the  zero  mark,  in  which  case  the  tap  g  should  be  slightly 
opened  to  allow  of  the  escape  of  the  excess  of  air. 
Of  course,  once  the  apparatus  has  been  adjusted  the 
bladder  will  empty  itself  after  each  operation. 
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Take  out  the  gutta-percha  acid  tube  S,  and  place  a 
weighed  quantity  of  dried  and  finely-powdered  slurry  into 
the  bottle  A,  taking  care  that  the  inside  of  the  bottle  is 
carefully  wiped  dry  before  each  operation.     Fill  the  tube  S 
with  10  C.C.  of  hydrochloric  acid  of  I'I2  specific  gravity, 
wipe  off  any  acid  that  may  have  escaped  down  the  sides, 
and  place  it  carefully  in  the  bottle  A,  taking  care  that 
none  of  the  acid   is   spilled   during  the  operation.     On 
closing  bottle  A  with  a  well-greased  stopper,  the  water  in 
C  will  sink  slightly,  owing  to  the  compression  of  the  air. 
On  opening  the  tap  g  for  a  second  or  so,  the  pressure  is 
removed  and  the  water  again  rises  to  zero  point.    Take 
the  bottle  A  with  the  right  hand,  holding  it  by  the  neck  so 
as  to  avoid   warming  as  much  as  possible,  and  slightly 
incline  it  so  that  the  acid  runs  out  of  the  tube  on  to  the 
slurry.    The  gas  will  immediately  be  given  off  with  con- 
siderable effervescence,  and  cause  the  water  to  fall  in  tube 
C  and  rise  in  tube  D.     By  carefully  opening  tap  P  during 
the  operation,  the  water  in  the  two  tubes  should  be  kept 
as  neair  the  same  level   <as   possible.     Tilt  bottle  A   by 
degrees  so  that  all  the  acid  runs  out  of  the  tube,  and  when 
the  effervescence  has  practically  ceased,  thoroughly  shake 
with  a  rotatory  motion  until  all  the  gas  has  been  liberated 
and  no  further  increase  is  noted  in  C.     Allow  the  bottle 
A,  which  may  have  been  slightly  warmed  by  the  hand,  to 
stand  a  minute  or  two  till  it  has  acquired  the  tempera- 
ture of  the  air,  and   after  having  brought  the  level  of 
the  water  in  D  to  the  same  level  as  C,  the  reading  of 
the  latter  gives  the   volume   of  carbonic    acid   evolved. 
To  this  quantity  must   be   added    a  small   amount   for 
the   gas   absorbed    by   the   hydrochloric   acid,   which    is 
approximately   4   c.c.   according    to    the    total   quantity 
evolved.     1000  c.c.  of  carbonic  acid  at  normal  tempera- 
ture and  pressure  weigh  1*97146  grammes,  and  correction. 
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of  course,  has  to  be  made  for  variations  in  temperature 
and  pressure. 

The  author  knows  of  no  published  tables  for  special  use 
with  this  apparatus,  and  therefore  it  involves  a  good  deal 
of  calculation.  Some  few  years  ago,  before  the  later  forms 
of  apparatus  came  into  use,  he  used  this  calcimeter  for 
about  twelve  months,  with  the  aid  of  a  special  set  of  tables 
kindly  lent  by  a  friend,  and  obtained  fairly  good  results 
with  it,  certainly  as  accurate  and  with  much  less  labour 
than  with  any  of  the  apparatus  of  the  well-known  Schrotter 
type,  in  which  the  carbonic  acid  gas  is  dried  by  passing 
through  some  desiccating  agent,  and  allowed  to  escape,  the 
difference  in  the  weight  of  the  apparatus,  before  and  after 
the  evolution  of  the  gas,  indicating  the  amount  contained 
in  the  material  under  examination. 

A  later  form  of  volumetric  apparatus  is  that  devised  by 
Dietrich,  of  which  a  sketch  is  given  in  fig.  ii.  The  gas  is 
measured  over  water  in  much  the  same  way  as  by  the 
Scheibler  apparatus,  but  the  water  equilibrium  is  main- 
tained by  lowering  the  left-hand  tube  which  is  fixed  to  a 
clip  sliding  on  a  brass  rod.  Another  feature  of  this  appa- 
ratus is,  that  the  gas  is  made  to  pass  through  the  coil  of  a 
condenser  immersed  in  water,  so  that  it  is  maintained  at  a 
given  temperature.  Instead  of  afterwards  correcting  for 
variations  in  temperature  and  barometric  pressure,  a  set  of 
tables  is  provided  for  use  with  this  instrument  by  which  a 
variable  amount  of  slurry  is  used,  according  to  the  tem- 
perature and  pressure  prevailing  at  the  time.  A  further 
table  is  also  provided,  giving  the  corrections  to  be  made 
for  absorption  of  gas  by  the  acid  employed,  the  amount 
absorbed  varying  according  to  the  quantity  of  gas  evolved. 
The  method  of  working  is  very  similar  to  that  of  the 
Scheibler  apparatus.  The  left-hand  tube  is  raised  until 
the  water  in  the  right-hand  graduated  tube  reaches  the 
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zero  mark  on  the  scale.  The  left-hand  tube  will  then  be 
nearly  empty.  The  slurry  and  the  tube  containing  acid 
having  been  placed  in  the  generating  bottle  in  the  usual 
way,  and  the  stopper  replaced,  the  tap  at  the  top  of  the 
graduated  tube  is  closed.  The  acid  is  then  allowed  to 
flow  on  to  the  slurry  ;  as  the  gas  is  generated  it  depresses 
the  water  in  the  right-hand  tube,  and  the  left-hand  tube  is 
therefore  corresponding!}'  lowered  so  as  to  maintain  the 
equilibrium.  When  the  bottle  has  been  thoroughly  shaken 
to  make  sure  that  all  the  gas  is  liberated,  it  is  placed  in 
the  condenser  jar,  where  its  contents  are  reduced  to  the 
temperature  of  the  water  therein.  The  reading  of  the 
scale,  plus  the  correction  for  absorption,  according  to  the 
table  provided  for  that  purpose,  gives  the  weight  of 
carbonic  acid  evolved. 

Fig.  12  shows  a  compensated  variation  of  the  Dietrich 
apparatus,  specially  devised  by  the  late  Henry  Faija  for 
use  by  cement-makers,  the  details  of  which  have  been 
very  carefully  considered,  so  as  to  render  the  working  of 
the  instrument  as  easy  as  possible.  To  avoid  the  necessity 
of  correction  by  calculation  for  barometric  pressure,  an 
aneroid  barometer  is  attached  to  the  equilibrium  tube,  so 
that  the  pressure  in  the  gas-measuring  tube  may  be  thereby 
adjusted  to  the  normal ;  by  this  means,  the  only  factors 
affecting  the  volume  of  the  gas  that  have  to  be  taken  into 
account  are  temperature  and  the  amount  of  gas  absorbed 
by  the  acid  used.  As  previously  stated,  the  latter  varies 
with  the  volume  of  gas  evolved  and  the  amount  of  acid 
used,  but  if  a  given  quantity  of  hydrochloric  acid  is 
always  used,  it  is  evident  that  the  instrument  may  be  so 
scaled  as  to  allow  for  the  percentage  of  gas  absorbed. 
In  this  instrument  the  scale  has  been  arranged  to  work 
with  o'3S  fluid  oz.  or  lo  c.c.  of  hydrochloric  acid.  This 
only  leaves  the  temperature   to   be  taken   into  account, 
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and  a  table  is  supplied  by  which  the  reading  of  the 


L 


instrument  at  a  given  temperature  gives  the  percentage 
of  carbonate  of  lime  in  the  slurry.    The  following  is  the 
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adaptor's  description  of  the  instrument  and  its  method 
of  working : — 

A  is  the  generating  bottle. 

B  is  the  acid  measure. 

C  is  the  gutta-percha  acid  tube. 

D  is  the  condenser  with  lead  coil. 

E  is  the  gas-measuring  tube,  having  at  its  upper  end 
the  two  taps  F  and  G. 

H  is  the  equilibrium  tube,  which  may  be  moved  up  and 
down,  and  secured  in  any  position,  by  fixing  it  on  the  rod 
I  by  means  of  the  thumb-screw  K. 

L  is  the  barometer,  to  which  is  attached  on  its  upper 
side  the  tap  M. 

N  is  an  india-rubber  ball,  attached  by  a  tube  to  the 
barometer,  which  ball  may  be  compressed  or  expanded  by 
turning  the  handle  O,  thus  adjusting  the  pressure  in  the 
instrument 

To  set  up  the  instrument,  it  is  first  necessary  to  secure 
it  firmly  against  a  wall,  taking  care  that  the  tubes  E  and 
H  are  perfectly  vertical.  Then  attach  the  india-rubber 
tube  P,  connecting  the  lower  ends  of  tubes  E  and  H. 
Tube  H  should  then  be  lowered  until  its  upper  neck  is 
a  little  above  the  lowest  reading  on  tube  E,  a  funnel  in- 
serted in  the  neck  of  H,  and  the  tube  filled  with  water 
until  the  water  rises  up  to  the  lowest  reading  in  tube  E. 
When  filling  with  water,  the  two  taps  F  and  G  should  be 
open,  and  as  air  is  likely  to  accumulate  in  the  india-rubber 
tube  P  this  should  be  squeezed  and  pressed  until  the  air 
is  all  expelled.  The  water  used  should  be  distilled  water, 
and  in  order  that  all  air  may  be  expelled  from  it,  it  should 
be  boiled  and  allowed  to  cool  before  pouring  into  the 
instrument.*  Then  attach  the  other  india-rubber  tubes,  as 
shown  in  the  drawing,  put  the  stopper  into  the  generating 
bottle  A,  close  taps  G  and  M,  and  see  if  the  connections 
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are  air-tight.  This  is  ascertained  by  placing  the  equili- 
brium tube  H  in  such  a  position  that  there  is  a  difference 
of  several  inches  in  the  level  of  the  water  in  the  two  tubes 
E  and  H,  and  noting  the  reading  of  the  level  of  the  water 
in  tube  E ;  if  the  connections  are  air-tight,  the  water  will 
remain  at  this  level  for  an  indefinite  period.  If,  on  the 
other  hand,  the  water  in  E  rises  or  falls,  some  of  the  joints 
are  not  tight,  and  they  must  be  made  tight  by  binding 
them  with  thin  brass  or  copper  wire.  The  condenser  D 
should  be  filled  with  water. 

Having  ascertained  that  the  instrument  is  tight,  the 
mode  of  working  is  as  follows : — 

First  remove  the  cork  from  the  generating  bottle  A 
and  take  out  the  acid  tube  C,  then  open  the  taps  F,  G, 
and  M.  Elevate  tube  A  to  such  a  height  that  the  water 
in  tube  E  is  exactly  level  with  the  mark  immediately  under 
tap  F,  and  secure  it  there  by  turning  the  thumb-screw  K. 
Weigh  out  the  quantity  of  carbonate  of  which  it  is  desired 
to  determine  the  carbonic  acid  it  contains,  and  place  it  in 
the  generating  bottle  A.  Measure  out  the  proper  quantity 
of  acid  to  use,  in  the  measuring  glass  B,  and  pour  it  into 
the  acid  tube  C.  Wipe  the  outside  of  the  acid  tube  C,  so 
as  to  be  sure  that  no  acid  has  run  down  the  side  and 
insert  it,  with  a  pair  of  tongs,  into  the  generating  bottle  A. 
Reinsert  the  stopper  in  the  generating  bottle  A,  taking 
care  that  it  is  secure  and  tight  Close  tap  G,  and  take 
hold  of  the  thumb-screw  K  with  the  left  hand  and  slacken 
it,  at  the  same  time  keeping  the  tube  H  approximately  in 
its  elevated  position.  Now  take  the  generating  bottle  A 
in  the  right  hand,  and  incline  it  so  that  the  acid  runs  out 
of  the  acid  tube  C  on  to  the  carbonate  in  the  bottle  A, 
and  as  the  gas  is  generated,  lower  tube  H,  so  as  to  keep 
the  water  in  tubes  E  and  H  approximately  at  the  same 
level.     Continue  shaking  the  bottle  while  the  gas  is  being 
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generated,  and  be  sure  that  all  the  acid  has  run  out  of  the 
acid  tube  C.  Place  the  generating  bottle  A  into  the  water 
in  the  condenser  D ;  this  is  to  cool  the  gas,  which  might 
have  been  heated  by  the  handling  of  the  generating  bottle 
A,  down  to  the  temperature  of  the  water  in  the  condenser 
D.  Having  left  it  there  for  a  minute  or  so,  remove  it,  and 
again  shake  it,  and  note  if  any  more  gas  is  generated. 
When  all  the  gas  is  generated,  which  is  indicated  by  the 
water  in  tube  E  remaining  in  a  constant  position,  close  the 
taps  F  and  M,  turn  the  handle  O,  actuating  the  ball  N,  in 
either  one  direction  or  the  other,  so  that  the  pressure  in 
the  barometer  is  diminished  or  increased,  and  it  indicates 
the  normal  pressure  of  29*92  inches,  or  760  millimetres, 
which  is  shown  more  distinctly  by  the  heavy  line  on  the 
dial.  Adjust  tube  H,  so  that  the  water  in  it  is  exactly 
level  with  the  water  in  tube  E,  and  take  the  reading  of  the 
level  of  the  water  in  tube  E.  This  reading  is  the  amount 
of  gas  developed  at  the  standard  pressure,  and  simply 
requires  correction  for  temperature,  which  may  be  ascer- 
tained by  the  tables,  as  already  explained. 

When  using  the  instrument  the  thermometer  should  be 
placed  and  left  in  the  water  in  the  condensing  vessel  D,  as 
it  is  the  temperature  of  this  water  which  governs  the 
temperature  of  the  gas ;  but  it  is  as  well  to  try  and  adjust 
the  temperature  of  this  water  to  approximately  the  tem- 
perature of  the  atmosphere  of  the  room  in  which  the 
instrument  is  worked. 

Before  commencing  an  experiment,  the  reading  of  the 
barometer  should  be  ascertained,  and  if  above  29*92  inches 
or  760  millimetres,  the  ball  N  should  be  compressed,  so' 
that  by  turning  the  handle  O  and  allowing  it  to  expand, 
the  pressure  in  the  barometer  will  be  decreased.  If,  on 
the  other  hand,  the  barometer  is  below  29*92  inches  or  760 
millimetres,  the  ball  N  should  be  left  fully  expanded,  so 


Wet  Process  69 

that  by  turning  the  handle  O,  and  compressing  it,  the 
pressure  in  the  barometer  will  be  increased. 

The  author  used  this  apparatus  continuously  for  two 
years  at  a  cement  works,  and  always  found  it  a  very 
reliable  instrument  There  are  one  or  two  points,  however, 
which  need  attention.  In  the  first  place,  care  should  be 
taken  that  the  graduated  tube  containing  the  carbonic  acid 
gas  is  not  warmed  by  the  rays  of  the  sun  or  fire,  as  the 
volume  of  the  gas  would  thereby  be  increased  and  give  an 
erroneous  reading.  It  is  also  as  well,  as  above  stated,  to 
maintain  the  water  in  the  condenser  vessel  at  approximately 
the  same  temperature  as  the  air  in  the  room. 

Another  method  of  estimating  the  carbonate  of  lime 
in  a  slurry,  which  is  largely  used  on  the  Continent, 
and  seems  to  be  finding  a  certain  amount  of  favour  here, 
is  by  titration  with  a  standard  solution  of  hydrochloric 
acid,  i.e.  ascertaining  how  much  hydrochloric  acid  of 
known  strength  is  required  to  neutralise  the  carbonate  of 
lime. 

For  this  purpose  0*5  gramme  of  the  carefully  dried  and 
powdered  slurry  are  weighed  into  a  titrating  flask  and 
covered  with  about  50  c.c.  of  distilled  water;  20  c.c.  of 
semi-normal  hydrochloric  acid  are  carefully  added,  and 
after  effervescence  has  practically  ceased,  the  solution  is 
raised  to  boiling  point  and  kept  boiling  for  two  or  three 
minutes  to  expel  all  carbonic  acid,  the  usual  precautions 
being  taken  to  prevent  loss  of  acid  by  evaporation ;  two  or 
three  drops  of  phenol phthalein  are  added  and  then  a  solu- 
tion of  semi-normal  caustic  soda  is  slowly  run  in  from  a 
graduated  burette,  until  the  liquid  turns  red  or  purple,  in- 
dicating that  the  excess  of  hydrochloric  acid  present  has 
become  neutralised.  The  amount  of  soda  solution  required 
to  attain  this  result  is  then  carefully  read  off,  and  the  excess 
of  acid  thus  ascertained ;  the  number  of  c.c.  of  acid  used 
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to  neutralise  the  slurry,  multiplied  by  5,  gives  the  per- 
centage of  carbonate  of  lime  present.  The  advantage 
of  this  process  of  slurry  testing  is  that  there  is  no  baro- 
metric pressure  or  temperature  to  be  taken  into  account, 
but  it  requires  rather  more  careful  manipulation  and 
chemical  knowledge  than  the  calcimeter,  which  can  be 
used  by  any  works  foreman. 

It  will  be  found  that  a  regular  and  systematic  method 
of  testing  the  slurry  will  fully  pay  for  the  time  and  trouble 
involved  in  making  the  tests  ;  in  fact,  in  no  other  way  can 
reliable  results  be  obtained  from  the  materials  under  treat- 
ment If  the  percentage  of  carbonate  of  lime  is  allowed 
to  fall  below  a  certain  limit,  the  strength  of  the  resulting 
cement  is  generally  seriously  impaired,  whereas,  if  the 
percentage  rises  too  high,  an  unsound,  dangerous  cement 
would  result,  and  one  that  might  bring  all  sorts  of  un- 
pleasantness in  its  train,  both  for  the  manufacturer  and 
the  user.  It  is  needless  to  remark  that,  of  the  two  evils, 
excess  of  clay  is  far  less  dangerous  than  an  excess  of 
chalk,  as  the  former  merely  results  in  a  somewhat  weaker 
cement,  while  the  latter  might  cause  the  utter  destruction 
of  any  work  in  which  the  cement  was  employed,  and  thus 
involve  the  manufacturer  in  heavy  claims  for  damages.  If, 
where  the  vertical  intermittent  type  of  kiln  is  in  use,  the 
slurry  is  much  too  low  in  carbonate  of  lime,  it  will  be 
found  that  the  mass  of  the  clinker,  especially  if  thoroughly 
burned,  will  have  a  tendency  to  spontaneously  disintegrate, 
and  fall  to  powder  on  cooling,  thus  choking  the  draught 
and  spoiling  the  burning  of  the  upper  portion  and  remainder 
of  the  contents  of  the  kiln.  According  to  Le  Chatelier, 
this  is  due  to  the  formation  of  certain  crystals  of  di-calcic 
silicate;  if  the  clinker  is  somewhat  under-burned,  and  the 
calcination  is  not  carried  to  incipient  vitrifaction,  these 
crystals  are  not  formed,  and  the  above-mentioned  pheno" 


Wet  Process  71 

menon  is  not  produced.  Those  conversant  with  cement 
manufacture  have  doubtless  noticed  that  when  a  *'burr" 
or  extremely  hard-burned,  partially  fluxed  piece  of  clinker 
has  been  got  out  of  the  kiln  while  still  very  hot,  and 
allowed  to  cool,  the  mass  will  often  gradually  disintegrate, 
and  if  burned  sufficiently  hard,  will  ultimately  be  reduced 
to  a  heap  of  bluish-grey  dust. 

The  plan  adopted  by  the  author  for  sampling  the  slurry 
was  as  follows :  The  man  in  charge  of  the  wash-mill  was 
provided  with  a  large  earthenware  vessel  of  about  one 
quart  capacity,  and  several  smaller  ones  of  about  half  a 
pint ;  a  slide  or  shutter  was  made  to  fit  into  a  groove  cut 
in  the  square  wooden  shoot  leading  from  the  wet  stones  to 
the  pumps,  so  that  by  sliding  in  the  shutter,  the  flow  of  the 
slurry  was  arrested,  and  a  pool  formed  of  sufficient  depth 
to  enable  a  dip  to  be  taken  with-  a  small  ladle.  Every 
quarter  of  an  hour,  a  sample  of  slurry  was  taken  from  this 
shoot,  and  placed  in  the  large  pot  called  the  "average" 
pot,  so  that  at  the  end  of  the  day  it  contained  an  average 
of  the  day's  working.  In  addition  to  this  average  sample, 
a  sample  consisting  of  three  dips  taken  at  intervals  of  five 
minutes,  was  taken  every  three  hours  during  the  day, 
and  together  with  a  small  sample  from  the  average  pot, 
sent  up  to  the  testing  room.  This  method  enabled  a 
correct  knowledge  to  be  gained  of  the  percentage  of  car- 
bonate of  lime  in  the  slurry  at  stated  periods  in  the  day, 
and  also  the  average  of  the  day's  washing  up  to  that 
period. 

In  taking  the  sample  of  slurry  for  testing  purposes  as 
it  leaves  the  wash-mill,  care  must  be  taken  that  the  sample 
thus  procured  fairly  represents  the  bulk.  It  is  scarcely 
safe,  for  instance,  to  dip  a  ladle  into  the  surface  of  the 
stream  of  slurry  as  it  flows  along  the  trough  or  shoot,  more 
especially  if  it  has  been  flowing  some  distance.     In  such  a 
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case,  the  coarser  particles  of  chalk  would  have  a  tendency 
to  gravitate  to  the  bottom,  and  thus  a  sample  taken  from 
the  surface  of  the  stream  only  would  be  misleading.  It  is 
better  in  such  cases  to  adopt  some  modification  of  the 
sliding  shutter  arrangement  above  described,  by  means  of 
which  the  whole  of  the  flow  is  temporarily  arrested,  and  a 
fair  average  sample  procured. 

In  some  works  automatic  sampling  arrangements  are 
installed  for  taking  samples,  both  of  the  raw  mix  and  also 
of  the  ground  cement,  thus  ensuring  a  correct  representa- 
tion of  the  material  passing  to  the  kilns  and  warehouses 
respectively.  One  American  factory,  which  has  installed 
such  an  arrangement,  advertises  that  the  cement  is  sampled 
'*  450  times  an  hour,"  and  this  fact  is  put  forward  to  impress 
the  lay  mind  with  the  excellence  of  the  product ;  of  course, 
such  an  arrangement  simply  means  that  a  correct  average 
sample  has  been  taken  of  the  material  going  forward,  which 
may,  or  may  not  be  of  the  desired  quality. 

In  the  course  of  a  recent  tour  of  inspection  among  the 
principal  artificial  cement  works  in  Belgium,  the  author 
saw  a  rather  ingenious  arrangement  for  keeping  a  check 
upon  the  composition  of  the  raw  material.  At  a  factory 
working  on  the  dry  process,  with  limestone  and  clay,  three 
or  four  large  mixing  silos  were  in  use  for  averaging  and 
mixing  purposes,  and  as  the  raw  material  passed  from  the 
grinding  machinery  to  these  silos,  it  was  not  only  auto- 
matically sampled,  but  also  automatically  weighed,  and  the 
weight  recorded,  so  that  the  chemist  in  charge  of  the 
manufacture  knew  exactly  how  much  material  of  a  certain 
composition  had  gone  forward  to  a  certain  silo,  and  conse- 
quently, if  any  adjustment  was  required,  was  able  to  calcu- 
late exactly  what  alterations  were  necessary  to  bring  the 
proportions  right 

For  drying  slurry  quickly  for  testing  purposes,  tin  patty 
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pans  about  3  inches  in  diameter  will  be  found  very  con- 
venient, as  they  can  be  placed  directly  over  the  gas  or  other 
heating  surface,  and  heated  quickly  without  fear  of  breakage. 
Care  must  be  taken,  however,  that  the  slurry  is  not  exposed 
to  too  strong  a  heat  when  nearly  dry,  or  some  of  the 
carbonic  acid  may  be  driven  off,  which  would  of  course 
lead  to  an  erroneous  result  when  tested  by  the  calcimeter. 

There  is  one  item,  however,  which  must  not  be  lost  sight 
of  in  estimating  the  carbonate  of  lime  in  the  slurry,  and  that 
is  the  amount  of  organic  matter  contained  in  it  It  is 
very  evident  that  if  a  slurry  contains  say  3  per  cent  of 
organic  matter,  which  would  be  lost  in  burning,  in  addition 
to  the  carbonic  acid,  the  actual  lime  in  the  calcined  product 
would  be  proportionately  higher  than  if  the  slurry  contained 
only  I  per  cent  of  such  organic  matter.  Where  facilities 
exist,  therefore,  it  is  as  well  to  occasionally  estimate  the 
loss  at  red  heat,  in  addition  to  the  amount  of  carbonic 
acid,  as  it  serves  for  a  check  on  the  calcimeter,  and  where 
that  instrument  only  is  used,  also  tends  to  prevent  un- 
intentional overliming,  consequent  on  variations  of  organic 
matter  in  the  clay. 

The  correct  proportion  of  carbonate  of  lime  in  the  slurry 
depends,  firstly,  on  the  chemical  constituents  of  the  raw 
materials,  i.e.  the  proportions  of  silica  and  alumina  in  the 
chalk  and  clay,  and  secondly,  on  the  thoroughness  with 
which  the  several  processes  of  manufacture  are  carried  out 
As  will  be  demonstrated  hereafter,  a  thoroughly  washed, 
perfectly-calcined  and  finely-ground  cement,  will  bear  with 
safety  a  considerably  greater  percentage  of  lime  than  one 
which  has  been  less  efficiently  prepared.  The  usual  practice 
is  for  the  dry  slurry  to  contain  from  75  to  77  per  cent  of 
carbonate  of  lime,  according  to  circumstances ;  and  most 
manufacturers,  having  found  by  experience  the  exact  per- 
centage which  gives  the  best  results  with  their  materials 
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and  method  of  manufacture,  endeavour  to  adhere  as  closely 
as  possible  to  that  percentage.  It  must  not  be  foi^tten 
that,  although  the  estimation  of  carbonic  acid  in  a  slurry 
serves  to  control  the  amount  of  chalk  used,  the  composition 
of  the  resulting  cement  does  not  by  any  means  correspond 
exactly  with  that  of  the  slurry,  after  deducting  the  carbonic 
acid  therefrom,  and  calculating  the  residue  to  loo  parts. 
One  factor  which  largely  affects  the  composition  of  the 
resulting  cement,  is  the  ash  of  the  coke  or  whatever  fuel 
may  have  been  used  for  calcination.  The  following  table 
of  analyses,  made  by  the  author  in  1899  to  investigate  this 
question,  gives  the  percentage  and  composition  of  the 
ash  of  six  different  samples  of  coke,  taken  from  various 
cement  works  on  the  Thames  and  Medway. 
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It  will  be  seen  that  the  ash  consists  chiefly  of  insoluble 
silicate  of  alumina  and  iron,  some  samples  also  containing 
a  marked  quantity  of  sulphuric  acid.  As  it  takes  from  five 
to  ten  cwt  of  coke  to  calcine  a  ton  of  cement  clinker,  ac- 
cording to  the  type  of  kiln  used,  it  will  be  readily  seen  that 
the  ash  may  have  a  considerable  effect  on  the  ultimate 
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composition  of  the  cement  The  foregoing,  of  course, 
refers  chiefly  to  the  older  vertical  intermittent  kiln  ;  with 
the  rotary  kiln,  which  only  consumes  about  25  to  35 
per  cent  of  ground  coal  as  fuel,  in  which  the  ash  is  about 
6  to  10  per  cent,  the  effect  is  not  so.  marked,  more 
especially  as  a  certain  proportion  of  the  ash  passes 
through  the  kiln  as  dust  into  the  flues  beyond,  without 
contaminating  the  clinker. 


CHAPTER   IV 

KILNS 

Having  by  the  methods  previously  described  reduced  the 
raw  materials  to  as  perfect  a  mechanical  mixture  as 
possible,  the  next  step  in  the  process  of  manufacture 
is  to  convert  what  is  merely  a  mechanical  mixture  into  a 
chemical  compound,  by  calcining  it  at  a  sufficiently  high 
temperature  to  cause  incipient  vitrifaction,  usually  about 
1200*"  C.  The  chemical  reaction  which  takes  place  on 
calcination  is,  that  the  carbonic  acid  in  the  chalk  or 
carbonate  of  lime  is  first  driven  off,  and  when  the  requisite 
degree  of  temperature  to  cause  incipient  vitrifaction  is 
reached,  the  resulting  lime  combines  with  the  clay  or 
silicate  of  alumina  to  form  silicates  and  aluminates  of 
lime.  With  the  original  system  of  backs,  it  was  usual  to 
dry  the  slurry  on  drying  floors,  heated  by  coking  ovens, 
so  that  the  waste  heat  from  the  coking  ovens  was  utilised 
for  drying  purposes,  the  coke  produced  being  used  for 
calcining  the  clinker.  This  system  is  now  obsolete,  the 
drying  being  universally  effected  by  utilising  the  waste 
heat  from  the  kilns,  which  in  the  older  factories  was 
allowed  to  escape  unutilised. 

The  kilns  used  for  calcining  cement  may  be  divided 
into  three  classes : — 

(i)  The  vertical  intermittent,  or  bottle  kiln. 

(2)  The  vertical  continuous,  or  shaft  kiln, 
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(3)  The  horizontal  continuous  rotatory  kiln,  generally 
known  as  the  rotary  kiln. 

The  first  named,  which  is  fast  becoming  obsolete,  even 
in  its  most  improved  form,  was  based  more  or  less  on  the 
early  methods  of  lime  burning,  except  that  it  was  inter- 
mittent in  its  action,  instead  of  continuous,  as  in  the  case 
of  the  lime  kiln. 

The  second  type,  in  its  latest  improved  form,  is  adopted 
in  some  instances  where  special  circumstances  render  its 
installation  advantageous  ;  by  far  the  most  popular  type, 
however,  at  the  present  time  is  the  rotary  kiln,  in  fact, 
it  would  be  no  exaggeration  to  say  that  95  per  cent. 
of  the  new  kilns  erected  during  the  last  few  years  have 
been  of  the  rotary  type. 

Dealing  first  of  all  with  the  vertical  intermittent  type, 
the  original  form  of  kiln  used  for  calcining  cement  is 
shown  in  section  in  fig.  13,  which  is  reduced  from  a  work- 
ing drawing ;  although  it  is  far  from  economical,  inasmuch 
as  all  the  waste  heat  is  allowed  to  escape,  the  clinker  re- 
sulting from  this  kind  of  kiln  is,  as  a  rule,  superior  to  that 
burned  in  closed  chamber  kilns,  which  utilise  their  waste 
heat  for  drying  the  next  load  of  slurry.  The  outer 
structure  of  the  kiln  may  be  built  of  brick,  stone,  concrete, 
or  any  convenient  material  at  hand,  but  its  lining,  owing 
to  the  great  heat  to  which  it  is  subjected,  must  be  of  fire* 
brick.  It  is  found  advantageous,  if  the  kiln  is  built  of 
stone,  concrete  or  other  material  than  brick,  to  place  a  good 
back  lining  of  ordinary  brick  behind  the  fire-brick  lining,  to 
minimise  the  effect  of  the  heat  upon  the  stone  or  concrete. 
Moreover,  when  the  fire-brick  lining  gets  burnt  out  and 
has  to  be  renewed,  the  back  lining  serves  as  a  contour  for 
the  bricklayers,  and  the  new  lining  has  only  to  be  laid  up 
against  the  back  lining,  instead  of  having  to  use  a  template. 

The  part  of  the  kiln  lining  which  will  be  found  to 
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require  most  repairs  and  attention,  is  that  which  is  directly 
exposed  to  the  reducing  action  of  the  white-hot  clinker. 


Fig.  13. 
As  the  bulk  of  the  charge  shrinks  to  about  one-half  after 
calcination,  owing  to  the  expulsion  of  the  carbonic  acid  io 
the  slurry  and  the  combustion  of  the  coke,  and  as  the  lire 
commences  at  the  bottom  and  gradually  works  up,  it  is 
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very  evident  that  only  the  lower  half  of  the  lining  is 
exposed  to  the  reducing  action  above  mentioned.  In 
order,  therefore,  to  protect  the  lining  as  much  as  possible 
from  this  reducing  action,  it  is  usual,  after  the  kiln  is  drawn, 
and  before  the  next  load  is  placed  in  it,  to  daub  the  lower 
part  of  the  lining  with  wet  slurry  or  similar  material,  which 
acts  as  a  protective  skin,  and  greatly  prolongs  the  life  of 
the  fire-brick. 

In  loading  a  kiln,  the  first  step  is  to  place  sufficient 
wood  and  coke  on  the  fire-bars  to  start  the  fire ;  then  the 
dried  slurry  and  coke,  or  whatever  fuel  may  be  used,  are 
loaded  in  alternate  layers,  the  quantity  of  fuel  decreasing 
towards  the  top.  The  proper  loading  of  a  kiln  is  quite  an 
art  in  itself,  and  is  generally  undertaken  by  the  man  in 
charge  of  the  loading  gang.  Most  kilns  will  be  found  to 
have  little  peculiarities  of  their  own,  and  it  is  the  burner's 
duty  to  watch  the  clinker  as  it  is  being  drawn,  and  note  if 
any  portions  are  under  or  over  burned,  so  as  to  be  able 
to  correct  any  error  in  the  next  loading.  In  most  kilns 
the  greatest  draught  is  in  a  line  from  directly  over  the 
drawing  eye  upwards,  and  naturally  where  the  draught  is 
greatest,  the  least  fuel  is  required.  Generally  speaking, 
therefore,  it  is  found  necessary  to  place  the  greatest  por- 
tion of  the  fuel  round  the  outside  of  the  kiln,  the  centre, 
where  there  is  most  draught  and  less  cooling  influence, 
requiring  comparatively  little.  The  time  which  a  kiln 
takes  to  burn  off  depends  upon  its  size  and  shape,  and 
upon  the  draught,  whether  natural  or  forced.  Another 
potent  factor  is  the  direction  and  force  of  the  wind  ; 
obviously,  if  there  is  a  strong  wind  blowing  directly  into 
the  drawing  eye,  it  acts  as  a  forced  draught,  and  con- 
sequently the  sooner  the  kiln  bums  off;  wherever  possible, 
therefore,  the  kilns  should  be  so  arranged  that  the  drawing 
eyes  face  in  the  direction  of  the  most  prevalent  winds. 
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Sometimes,  owing  to  peculiarities  of  loading  or  other 
reasons,  a  kiln  "hangs  up,"  or  "goes  to  sleep,"  i.e.  the 
materials  in  settling  down,  form  a  dome  or  arch  of  clinker, 
which  is  almost  impervious  to  the  draught,  and  unless 
vent  is  given,  and  a  hole  made  through  this  dome,  the  fire 
will  take  days  to  get  through  it,  if,  indeed,  the  kiln  does 
not  go  out  altogether.  If,  after  being  alight  a  day  or  two, 
a  kiln  is  found  to  be  progressing  very  slowly,  and  little 
or  no  smoke  issuing  from  it,  it  is  generally  an  indication 
that  it  is  "  hung  up,"  and  steps  must  be  taken  to  pierce  an 
opening  through  the  obstruction.  This  is  generally  accom- 
plished by  opening  the  loading  eye  above,  and  running  a 
long  pointed  iron  bar  of  about  i^-inch  diameter  down 
through  the  mass,  until  the  obstruction  is  penetrated  and 
free  draught  reinstated.  It  is  not  sufficient  to  simply  make 
a  hole  through  the  obstruction  ;  the  unbumt  material  over- 
lying it  should  be  got  down,  till  the  hollow  space  which 
will  be  found  under  the  dome  in  question  is  filled  up,  so 
that,  as  the  burning  progresses,  the  contents  of  the  kiln 
may  fall  in  regularly  and  evenly. 

The  fuel  most  commonly  used  for  burning  cement  in 
vertical  kilns,  both  intermittent  and  continuous,  is  ordinary 
gas  coke,  and  this  is  the  most  convenient  fuel  for  kilns 
of  that  type  in  this  country.  Unsuccessful  attempts  have 
been  made  to  use  wood  or  charcoal,  in  localities  where  the 
cost  of  coal  or  coke  was  almost  prohibitive ;  apart  from 
the  enormous  quantities  required  to  obtain  anything 
approaching  clinkering  temperature,  the  results  proved 
decidedly  discouraging.  When  coke  supplies  are  short, 
as  sometimes  happens  in  the  summer  months,  substitutes 
have  to  be  used,  and  of  these,  hard  anthracite  coal  is  found 
to  give  the  best  results.  The  chief  objection  to  coal,  how- 
ever, is  that,  although  the  kilns  hold  more  slurry,  owing  to 
the  coal  being  considerably  heavier,  and  therefore  occupy- 
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iDg  less  space  than  coke,  it  retards  their  output  to  a  large 
extent,  being  very  much  slower  in  burning  than  coke.  It 
also  requires  rather  different  manipulation,  and  although 
good  results  have  been  obtained  by  the  author  with  kilns 
using  nothing  but  coal  for  calcination  purposes,  (except  a 
few  bushels  of  coke  at  the  bottom  to  start  the  fire),  he 
always  found  that  a  burner  who  was  used  to  coke  required 
considerable  practice  before  he  could  get  equally  good 
results  with  coal.  While  on  this  subject,  it  may  be  said 
that  the  burning  of  cement  requires  a  good  deal  more 
judgment  and  experience  than  is  generally  recognised  ;  to 
load  a  kiln  properly  is  really  as  much  skilled  labour  as 
that  of  a  fitter  or  mechanic.  Where  ordinary  open  or 
bottle  kilns,  without  drying  chambers  attached,  are  used, 
it  will  be  found  a  great  advantage,  when  using  coal  as  fuel 
in  them,  to  improve  the  draught  by  increasing  the  height 
of  the  dome  or  chimney  by  a  few  feet ;  a  small  outlay  in 
this  direction  will  be  found  to  materially  increase  the 
output  of  the  kilns. 

Coming  next  to  the  several  varieties  of  combined  kilns 
and  drying  floors — or  to  be  more  accurate,  kilns  of  which 
the  waste  heat  is  utilised  for  drying  the  slurry  or  slip — 
although  there  are  several  cement  works  in  England  which 
claim  to  have  been  the  first  to  erect  and  use  kilns  of 
this  description,  the  first  manufacturer  to  adopt  them  to 
any  great  extent  was  the  late  Mr  I.  C.  Johnson,  of 
Greenhithe.  It  may  therefore  be  of  interest  to  reproduce 
the  illustration  from  his  original  patent,  No.  1583,  of  1872. 

From  the  illustration  (fig.  14),  it  will  be  seen  that  the  kiln 
consists  of  an  ordinary  bottle  kiln,  but  without  the  high  dome 
or  chimney,  and  with  a  long  horizontal  chamber  attached ; 
this  chamber  is  semicircular  in  section,  and  at  its  farther  end 
is  a  flue,  with  dampers,  leading  to  the  chimney  shaft.  The 
wet  slurry  is  laid  on  the  floor  of  this  chamber,  and  is  dried 
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partly  by  the  waste  heat  from  the  kiln  passing  over  it,  and 
partly  by  the  radiated  heat  from  the  brickwork  of  the  arch. 
As  in  the  case  of  the  drying  floors,  the  first  few  feet  of 
the  chamber  nearest  the  kiln  have  to  be  built  of  fire-brick, 
to  withstand  the  intense  heat  given  off  by  the  white-hot 
clinker,  the  farther  end  being  built  of  good  ordinary  brick. 
The  floor  of  the  chamber  is  arranged  at  such  a  slo^e  that 
the  slurry  is  about  a  foot  or  fifteen  inches  thick  next  the 
kiln,  and  gradually  decreases  towards  the  flue  end  of  the 
chamber,  where  it  is  only  three  or  four  inches  in  depth. 
With  the  floor  properly  arranged  in  this  manner,  the  slurry 
only  has  to  be  allowed  to  flow  into  the  chamber,  and  it  will 
then  find  its  own  level,  requiring  no  superintending  and 
levelling,  as  in  chambers  that  are  not  so  arranged. 

The  most  serious  item  of  expense  in  constructing  the 
Johnson  and  similar  types  of  kiln  is,  that  the  chamber  being 
at  the  level  of  the  top  of  the  kiln,  it  must  necessarily  be 
carried  on  arches  or  pillars,  or  some  such  structural  arrange- 
ment, which  entails  a  considerable  expense  in  building. 
In  works  which  are  built  at  the  foot  of  a  chalk  slope,  such 
as  those  of  the  inventor  at  Greenhithe,  this  objection  does 
not  of  course  hold,  for  the  kilns  being  built  at  the  foot  of 
the  slope,  the  chambers  are  carried  on  the  chalk,  the  exca- 
vated chalk  being  used  for  the  manufacture.  Where  this 
can  be  done,  the  cost  of  the  kiln  is  greatly  reduced,  although 
where  the  chambers  have  to  be  carried  on  arches,  these 
arches  can  be  advantageously  utilised  for  stores  of  various 
kinds. 

The  main  principle  of  the  Johnson  kiln  is,  that  it  dries 

the  slurry  by  the  heat  passing  over  it,  and  by  the  radiated 

heat  from  the  arches  of  the  chamber,  and  to  this  method 

some  objection  may  be  urged,  inasmuch  as  a  good  deal  of 

alkali  and  other  matter,  volatilised  during  the  burning  of 

the  kiln,  is  cooled  and  deposited  on  the  slurry  in  the  passage 

G  2 
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of  the  fumes  through  the  chamber,  and  is  loaded  into  the  kiln 
again  with  the  next  charge.  Although  these  objections  are 
not  serious,  they  detract  somewhat  from  the  ideal  nature  of 
the  kiln  ;  this  difficulty  may  be  obviated  by  constructing  flues 
leading  from  the  kiln  under  the  slurry,  so  that  the  products 
of  combustion  pass  directly  to  the  chimney  without  coming 
into  actual  contact  with  the  slurry.  Where  this  method  is 
adopted,  it  is  usual  to  do  away  with  the  arched  chamber 
altogether,  and  merely  throw  a  light  roof  over  the  floor  to 
keep  off  the  rain.  This  system  also  has  its  advantages  and 
disadvantages,  for  although  such  open  drying  floors  are 
much  less  trying  for  the  workmen  than  the  closed  arches, 
great  care  has  to  be  exercised  to  prevent  leakage  of  slurry 
into  the  flues.  If  leakage  takes  place  to  any  considerable 
extent,  it  will  not  only  entirely  stop  up  the  flue,  and  so  pre- 
vent the  slurry  drying  along  that  particular  flue,  but  will 
sometimes  run  forward  down  into  the  kiln,  and  altogether 
spoil  the  burning. 

The  actual  loading  of  the  kiln  is  accomplished  in  vari- 
ous ways,  almost  every  works  having  a  system  of  its  own, 
the  principal  aim  being  to  combine  economy  in  labour  with 
excellence  of  results.  In  the  chamber  kilns,  which  have 
just  been  described,  it  is  usual  to  wheel  the  dried  slurry  in 
barrows  along  a  double  14-inch  plank,  thrown  from  the 
chamber  across  to  the  opposite  edge  of  the  kiln,  and  tip  it 
into  the  required  position :  the  burner  stands  below  at  the 
coke-loading  eye,  directs  where  each  load  is  to  be  tipped, 
and  throws  the  coke  on  at  the  proper  spot  In  some 
works,  instead  of  tipping  the  slurry  direct  from  the  bar- 
rows, four  baskets,  each  of  about  half  a  bushel  capacity, 
are  placed  on  a  flat  barrow  for  ease  of  transport,  and  the 
contents  thrown  as  the  burner  directs.  In  this  way,  of 
course,  the  slurry  can  be  more  widely  distributed,  but 
the  author  has  had  charge  of  works  where  slurry  was 
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tipped  direct  in  barrow-loads,  and  the  resulting  clinker 
was  all  that  could  be  desired.  Of  course,  where  the 
loading  is  carried  on  in  this  manner,  it  is*  imperative  for 
the  burner  to  take  proper  precautions  that  the  slurry  is  not 
tipped  into  the  kiln  in  pieces  of  too  large  a  bulk,  and  also 
that  none  is  used  which  is  not  sufficiently  dried.  In  the 
first  instance,  the  calcination  will  be  incomplete  owing 
tp  the  bulk  being  too  great  for  the  heat  to  penetrate 
thoroughly ;  and  in  the  second  instance,  the  calcination 
will  be  incomplete  in  the  centre,  owing  to  the  slurry  not 
being  dried,  and  the  heat  that  should  have  been  used 
to  calcine  it  having  been  partially  expended  in  driving  off 
the  water. 

The  method  that  is  generally  adopted  where  the  slurry 
is  handed  into  the  kiln  from  the  drying  floor,  is  to  load  the 
kiln  in  so  many  rounds  or  layers,  consisting  of  so  many 
barrows  or  baskets  of  slurry  to  so  many  barrows  or  baskets 
of  coke,  the  proportion  of  coke,  as  before  mentioned,  being 
greatest  at  the  bottom,  and  gradually  diminishing  towards 
the  top,  the  proportion  of  slurry  increasing  in  a  correspond- 
ing manner.  The  following  may  be  given  as  an  instance  of 
the  manner  in  which  a  chamber  kiln  is  loaded,  the  rounds 
or  layers  showing  the  gradual  decrease  in  the  amount  of 
fuel  towards  the  top.  Sufficient  faggots  to  start  the  fire 
are  laid  on  the  fire-bars,  and  then  thirty-five  baskets  of 
coke  placed  thereon,  the  subsequent  rounds  consisting  as 
follows : — 

3  rounds  of  16  loads  of  slurry  to  20  baskets  of  coke. 
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Kilns  loaded  in  this  manner  consume  rather  more 
than  8  cwt  of  coke  per  ton  of  clinker,  and  no  trouble  is 
experienced  in  the  drying  of  the  slurry.  This  quantity  of 
fuel  is  exceeded  in  some  works,  while  in  others  it  does  not 
amount  to  so  much,  everything  of  course  depending  upon 
the  draught  of  the  kilns  and  other  conditions  prevailing. 
The  quality  of  the  coke  used  also  largely  governs  the 
amount  necessary  for  proper  calcination.  During  the  coal 
strike,  some  few  years  ago,  the  gas  companies  were  com- 
pelled to  use  whatever  coal  they  could  obtain,  and  the 
consequence  was,  that  some  of  the  coke  that  came  into  the 
hands  of  cement  manufacturers  was  of  very  poor  quality,  as 
the  author  remembers  to  his  cost. 

In  the  burning  of  kilns  where  the  waste  heat  dries  the 
next  load  of  slurry,  great  judgment  is  necessary  in  the 
manipulation  of  the  dampers  leading  from  the  chamber 
to  the  chimney  shaft.  For  the  first  day  or  so  after  the 
lighting  of  the  kiln  there  is  not  much  heat  given  off,  and 
the  dampers  are  allowed  to  be  fully  open,  so  as  to  get  the 
kiln  into  fire  as  soon  as  possible ;  as  it  gets  into  full  fire,  the 
dampers  should  be  checked  gradually,  and  finally  left  only 
just  sufficiently  open  to  draw  the  fumes  away  from  the 
kiln,  the  object  being  to  retain  the  heat  in  the  drying 
chambers  as  long  as  possible.  It  will  be  readily  understood 
that  if  the  dampers  are  left  wide  open  while  the  kiln  is  in 
full  fire,  the  hot  gases  will  go  roaring  away  up  the  chimney, 
and  the  kiln  will  in  all  probability  be  burnt  out  without  the 
slurry  in  the  chamber  being  properly  dried. 

When  slurry  is  dried  by  the  heat  passing  over  it  and 
by  radiation  from  the  brickwork,  it  generally  shrinks  and 
cracks  open  in  large  fissures,  thus  enabling  the  moisture  to 
escape.  The  author  once  had  a  very  unpleasant  experience, 
when  the  works  of  which  he  was  in  charge  ran  short  of 
water  duripg  a  very  dry  summer,  and  as  barely  sufficient 
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fresh  water  could  be  procured  for  the  boilers,  salt  water  had 
to  be  used  for  the  wash-mills.  It  was  found,  when  using 
salt  water,  that  the  slurry  very  rarely  dried  satisfactorily 
in  the  kiln  chambers,  and  further,  never  seemed  to  shrink 
and  crack  open.  On  closer  examination,  it  was  noticed 
that  the  lower  part  and  general  mass  of  the  slurry  had 
shrunk  and  cracked  in  the  usual  way,  with  the  exception  of 
a  skin  of  about  half  an  inch  or  so  on  the  top,  which  on 
analysis  proved  to  contain  a  large  quantity  of  salt.  It  is 
well  known  that  when  wet  slurry  has  been  allowed  to  stand 
a  few  hours,  the  chalk  and  clay  composing  it  having  a 
considerably  higher  specific  gravity  than  water,  the  water 
separates  and  rises  to  the  surface.  In  this  instance,  it  was 
evident  that  the  water,  on  evaporating,  had  left  a  crust  of 
solid  saline  matter,  which  sealed  over  the  cracks,  and  as 
the  steam  was  thereby  prevented  from  escaping,  of  course, 
the  slurry  could  not  dry.  It  is,  therefore,  obvious  that  for 
chamber  kilns,  where  the  slurry  is  dried  from  the  top  by 
radiation,  and  by  the  heat  passing  over  it,  salt  water  should 
not  be  used  for  washing  purposes.  Of  course,  where  it  is 
dried  on  drying  floors  or  by  means  of  flues  underneath,  the 
use  of  salt  water  does  not  so  much  matter,  inasmuch  as  the 
slurry  begins  to  dry  from  the  bottom,  and  the  steam  bubbles 
through  the  mass  and  is  thereby  forced  to  escape. 

When  the  drying  chamber  of  a  kiln  is  designed  to  dry 
the  slurry  solely  by  radiation  and  the  heat  passing  over  it, 
there  is  not  much  variation  possible  from  the  original  plan 
adopted  by  Johnson,  but  there  are  several  modifications  of 
the  underneath  flue  arrangement,  or  of  the  two  arrangements 
combined,  which  form  the  subject  of  numerous  patents. 
The  author's  experience  is,  that  where  the  drying  is  done 
by  underneath  flues  only,  and  the  hot  gases  are  led  direct 
from  the  kilns  into  these  flues,  the  surface  area  of  the  kiln 
being  so  much  greater  than  the  sectional  area  of  the  flues, 


88  Portland  Cement  Manufacture 

the  heat  is  so  concentrated  at  the  entrance  to  the  flues,  that 
the  brickwork  very  quickly  perishes  at  that  point  Where 
sufficient  draught  can  be  obtained,  a  better  plan  is  to 
combine  the  Johnson  type  of  chamber  with  the  underneath 
flue  system,  leading  the  hot  gases  over  the  slurry  to  the 
farther  end  of  the  chamber,  as  in  the  Johnson  kiln,  and 
afterwards  down  into  a  series  of  flues,  which  pass  under 
the  slurry  back  towards  the  kiln,  returning  again  to  the 
tail  end  of  the  chamber,  and  thence  to  the  chimney  shaft 
By  this  means  the  gases  from  the  kiln  have  ample  vent  into 
the  chamber,  instead  of  being  more  or  less  confined  in  the 
kiln  by  the  small  flue  area.  The  wet  slurry  being  attacked 
by  the  heat  both  above  and  below,  dries  much  better,  and 
moreover,  the  gases  having  to  travel  the  length  of  the 
chamber  three  times  before  they  Anally  make  their  escape, 
nearly  the  whole  of  their  heat  is  expended  in  doing  useful 
work. 

From  a  working  point  of  view,  and  so  far  as  r^ards 
cost  of  maintenance  and  repairs,  the  Johnson  type  of 
drying  chamber  is  the  most  simple  and  satisfactory,  as 
there  are  no  flues  to  be  blocked  up  by  leakage  of  slurr>*  or 
other  causes,  and  no  expense  in  repairing  these  flues  and 
their  necessary  covering-down  tiles,  which  in  some  cases 
is  no  small  item.  Whether  it  is  preferable  to  have  the 
chamber  in  one  broad  arch,  or  to  divide  it  longitudinally 
into  two  narrow  ones,  is  a  point  that  is  open  to  discussion. 
It  seems  a  reasonable  conclusion  that  the  two  narrow  arches, 
being  of  smaller  span,  would  bear  the  expansion  and  wear 
and  tear  better  than  the  one  broad  one,  and  also  that  the 
central  wall  would  assist  in  retaining  and  radiating  the  heat 
for  drying  purposes.  On  the  other  hand,  the  slurry  would 
have  to  be  spread  slightly  thicker  to  compensate  for  the 
space  occupied  by  the  central  wall,  and,  owing  to  the  heat 
r^tain^  by  that  wall,  the  two  narrow  chamb^s  would 


probably  not  be  work- 
able by  the  strippers 
quite  so  soon  as  the 
one  broad  one. 

A  type  of  kiln  con- 
siderably adopted  in 
the  Thames  and  Med- 
way  districts,  is  the 
Batchelor  patent  kiln, 
of  which  an  illustration 
is  given  in  fig.  1 5.  The 
principal  feature  of  this 
kiln  is  that  the  drying 
floors  are  arranged  in 
two  tiers,  one  above 
the  other,  with  flues 
under  the  floor  of  the 
lower  tier,  so  that  the 
wet  slurry  in  each  tier 
is  attacked  by  the  heat 
both  above  and  below. 
Although  the  author 
has  not  had  any  per- 
sonal experience  with 
this  kiln,  he  believes  it 
answers  very  well,  both 
as  r^ards. the  calcina- 
tion of  the  clinker  and 
the  drying  of  the  slurry. 
Ao  objection  which  has 
been  raised  to  this  ar- 
rangement is,  that  when 
the  lower  tier  of  arches 
requires  repairing,  it  is 
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extremely  difficult  of  accomplishment  without  at  the  same 
time  endangering  the  stability  of  the  upper  tier.  Owing 
to  the  drying  floors  being  arranged  on  the  double  decker 
system,  the  length  of  chamber  of  this  kiln  only  requires 
to  be  rather  more  than  half  that  of  the  ordinary  Johnson 
type,  and  therefore  when  on  a  flat  site,  where  the  latter 
would  have  to  be  carried  on  arches  or  similar  structures, 
it  is  somewhat  more  economical  in  cost  of  construction. 

It  will  also  be  noticed  that  these  kilns  are  fitted  with 
the  fire-brick  grating  arrangement  patented  by  Mr  Greorge 
Surge,  which  has  also  been  largely  used  in  conjunction 
with  the  Johnson  chamber  kiln.  The  floor  of  the  kiln, 
instead  of  being  fitted  with  movable  fire-bars  in  the 
ordinary  way,  consists  of  perforated  brickwork.  By  this 
means  it  is  claimed  that  a  better  draught  is  obtained,  and 
the  wear  and  tear  is  considerably  less  than  with  ordinary 
fire-bars.  The  author  was  assured  by  a  manufacturer,  a 
short  time  since,  that  he  had  fitted  all  his  kilns  with  this  type 
of  grating,  in  preference  to  the  ordinary  fire-bars,  although 
it  is  but  fair  to  state  that  one  instance  of  the  reverse  having 
taken  place  recently  came  under  his  notice.  It  will  be 
seen  that  the  grating  is  at  ground  level,  and  a  sort  of  pit  is 
arranged  underneath,  for  the  double  purpose  of  allowing  air 
to  enter  and  to  enable  the  ashes  and  fine  clinker  which  fall 
through  the  grating  to  be  removed.  The  clinker  is  drawn 
out  through  an  eye  or  opening  at  ground  level,  in  the  front 
of  the  body  of  the  kiln,  which  has  to  be  bricked  up  and 
rendered  practically  air-tight  with  a  plastering  of  wet  slurry 
before  the  kiln  is  lit  The  usual  method  of  drawing  kilns 
with  these  gratings  is  to  lay  an  iron  plate  on  the  grating  to 
form  a  shovelling  surface,  it  being  impossible  to  use  a  shovel 
satisfactorily  on  the  uneven  floor  of  the  grating.  This  plate 
is  gradually  pushed  forward,  and  the  clinker  falls  on  to  it 
and  is  thus  easily  shovelled  up  into  the  wagon  or  barrow. 
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A  modification  of  this  patent,  which  saves  a  good  deal  of 
labour,  though  it  is  rather  more  expensive  to  erect,  is  to 
raise  the  grating  sufficiently  above  the  ground  level  to  enable 
a  small  tram  wagon  to  be  placed  underneath.  The  front 
part  of  the  grating,  for  about  three  feet  or  so,  is  removed, 
and  the  opening  fitted  with  short  lengths  of  fire-bars,  which 
are  removable  in  the  ordinary  way.  When,  therefore,  a  kiln 
has  to  be  drawn,  these  fire-bars  are  removed  and  a  wagon 
run  in  underneath  the  aperture  thus  formed,  so  that  the 
clinker  drops  into  it  or  is  shovelled  down  off  the  grating, 
instead  of  being  allowed  to  fall  on  to  the  floor  of  the  drawing 
eye,  as  is  the  usual  plan,  and  having  to  be  lifted  up  thence 
into  the  wagons.  Unless  there  is  rising  ground  at  the  back 
of  the  kilns,  on  which  to  carry  the  drying  chambers,  this 
modification  is  decidedly  more  expensive  in  first  cost,  as 
in  order  to  get  the  same  kiln  capacity,  the  whole  of  the 
structure  has  to  be  raised  proportionately,  which  in  a  series 
of  kilns  would  mean  a  considerable  extra  amount  of  brick- 
work. Where  a  natural  slope  exists,  however,  the  extra 
cost  is  not  great,  and  it  certainly  saves  a  great  deal  of 
labour  on  the  part  of  the  drawers. 

It  has  been  stated  in  the  preceding  pages  that  the 
insufficiently  burnt  portions  of  the  clinker  are  reloaded  into 
the  kiln  with  the  next  charge,  and  burnt  again  to  the 
proper  state  of  incipient  vitrifaction.  When  much  of  this 
underbumt  is  present  in  a  freshly-loaded  kiln,  it  tends  to 
slake  and  go  to  powder,  which  chokes  the  draught  of  the 
kiln,  and  spoils  the  calcination  of  the  whole  of  the  load. 
It  is  therefore  sometimes  found  advisable  to  reburn  it 
in  separate  subsidiary  kilns,  and  by  some  manufacturers 
this  is  claimed  as  an  economy.  Of  course  these  kilns  re- 
quire very  cautious  loading,  and  only  fairly  large  lumps 
can  thus  be  dealt  with,  any  dust  or  crumbling  portions 
stopping  the  draught  and  altogether  spoiling  the  burning ; 
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if  such  kilns  are  loaded  with  half-burnt  in  too  fine  a  state 
of  division,  the  mass  will  often  smoulder  for  days  without 
vitrifying  at  all,  and  the  material  come  out  of  the  kiln  very 
much  in  the  same  condition  in  which  it  was  placed  there. 

Although  for  the  fire-brick  lining  of  the  kilns  and 
chambers  the  ordinary  9''  x  4J''  X  3"  fire-brick  is  most 
commonly  used,  it  is  sometimes  found  advantageous  to  use 
bricks  of  a  larger  size,  viz.  about  c['  X  cj'  X  9",  or  fire-lumps 
as  they  are  generally  called.  It  will  be  readily  understood 
that  as  one  cf  these  lumps  occupies  about  six  times  the 
space  of  an  ordinary  brick,  a  great  deal  of  time  is  saved 
in  bricklaying,  and  moreover,  there  being  considerably 
fewer  joints,  the  fire  has  less  opportunity  of  attacking  the 
lining.  Where  there  is  a  series  of  kilns,  all  of  them 
exactly  of  the  same  size  and  shape,  it  is  found  economical 
to  have  the  fire-brick  for  them  made  in  lumps  of  special 
sizes,  so  as  to  fit  the  various  parts  of  the  kiln  with  practically 
no  bricklaying ;  for  instance,  segments  to  fit  the  arch  of  the 
loading  eye,  and  the  arch  of  the  drawing  tunnel,  as  well  as 
other  places  where  arches  have  to  be  turned.  When  these 
fire-lumps  are  ordered  from  the  manufacturer  in  fair  quanti- 
ties, the  cost  is  practically  the  same  as  for  ordinary  sizes, 
and  the  labour  saved  in  repairing  or  relining  a  kiln  is  con- 
siderable. 

It  is  usual  to  lead  the  products  of  combustion  from 
chamber  kilns  into  one  tall  chimney  shaft,  by  which  a  good 
draught  is  secured,  and  the  waste  gases  delivered  at  a  suffi- 
cient altitude  to  avoid  creating  a  nuisance.  Where  the  latter 
is  no  object,  an  equally  good,  or  even  greater  draught  may 
be  secured,  by  the  use  of  an  exhaust  fan,  built  in  at  the  end 
of  the  flues  near  the  chimney,  and  exhausting  the  kilns  into 
it  It  will  be  readily  understood  that  where  such  forced, 
or  rather  induced  draught  is  used  to  render  it  efficient, 
great  care  must  be  taken  that  the  kilns  and  chambers  arQ 
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practically  air-tight,  so  that  there  is  no  leakage  of  cold  air 
into  them,  other  than  that  which  passes  up  through  the  kiln. 
The  author  is  acquainted  with  one  works  where  this  induced 
draught  has  been  adopted  and  is  used  with  advantage.  In 
this  instance  there  are  five  large  35-ton  kilns  in  one  nest, 
having  a  cross-flue  at  the  end  of  the  chambers  leading  to 
one  common  shaft,  the  draught  being  governed  by  two 
dampers  to  each  kiln.  As  originally  arranged  with  ordinary 
draught,  these  kilns  were  each  loaded  once  a  week ;  but  with 
induced  draught,  it  was  found  that  by  loading  Monday's 
kiln  with  a  somewhat  lighter  load,  say  30  to  32  tons,  it 
could  be  burned  off  and  drawn  on  Friday,  ready  for  loading 
with  a  full  load  on  Saturday,  thus  obtaining  an  extra  30  tons 
output  per  week.  In  addition  to  this,  it  was  found  that 
with  induced  draught  a  considerable  economy  of  fuel  was 
effected,  the  saving  ranging  from  1 5  to  20  per  cent,  according 
to  the  draught  employed.  Of  course,  there  are  many  points 
to  be  urged  for  and  against  the  use  of  induced  draught. 
Its  chief  advantage  is,  that  by  varying  the  speed  of  the  fan 
and  the  judicious  use  of  dampers,  it  enables  the  draught 
to  be  increased  or  decreased  as  required.  At  starting,  the 
maximum  draught  is  put  on,  so  as  to  draw  the  kiln  up  to  a 
fire  as  soon  as  possible,  but  as  soon  as  the  kiln  is  in  full  fire, 
great  care  must  be  taken  to  avoid  drawing  the  heat  away 
from  the  chamber  too  quickly,  only  just  sufficient  draught 
being  allowed  to  draw  the  heat  forward  from  the  glowing 
mass  of  clinker  to  the  drying  chamber.  Nothing  is  more 
annoying  than  to  find  a  kiln  burnt  off,  and  the  slurry  for  the 
next  load  only  partially  dried,  and  nothing  is  more  ex- 
travagant than  lighting  up  small  loads  in  a  large  kiln,  or 
making  fires  of  coke  or  other  material  on  top  of  the  clinker, 
to  complete  the  drying  of  the  slurry. 

The  size  and   shape  of  a  kiln  depend   entirely  upon 
the  desired  output  and  the  site  on  which  it  is  to  be  erected. 
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For  general  purposes  a  kiln  with  an  output  of  25  tons  of 
clinker  is  a  convenient  size.  The  shape  of  the  kiln  is  a 
matter  that  is  open  to  some  discussion.  1 1  is  very  evident  that 
in  a  kiln  which  is  more  basin-shaped  than  cup-shaped,  the 
contents  being,  so  to  speak,  spread  over  a  greater  area,  the 
fire  will  have  less  height  to  travel  through  before  reaching 
the  top,  and  consequently  the  kiln  will  burn  off  more 
quickly.  A  basin-shaped  kiln,  however,  requires  a  good 
deal  more  care  in  loading  than  the  ordinary  bottle  shape, 
for  it  is  very  evident  that  unless  it  is  loaded  in  exact  agree- 
ment with  the  draught,  it  will  not  fall  in  or  settle  equally 
when  the  contents  sink  during  burning,  and  therefore  the 
calcination  will  not  be  carried  out  equally  throughout  the 
kiln.  At  one  works  with  which  the  author  was  connected, 
there  were  two  18-ton  kilns  which  were  very  broad  in  com- 
parison with  their  height,  in  fact,  basin-shaped  kilns,  and 
these  two  could  be  depended  upon  to  burn  off  and  be  ready 
for  loading  regularly  twice  every  week.  It  may  be  stated 
here,  in  passing,  that  after  a  kiln  has  burned  off,  it  is  a  very 
fair  indication  of  equal  calcination  if  the  contents  have 
sunk  to  a  fairly  level  surface.  If  there  are  any  parts  which 
are  not  calcined  properly,  the  contents  of  the  kiln  will  be 
"humped  up"  —  to  use  a  burner's  phrase  —  at  that  spot. 
It  will  be  readily  understood  that  it  is  of  great  import- 
ance to  keep  the  kilns  loaded  to  their  full  capacity,  Le.  it 
is  very  wasteful  and  extravagant  to  light  up  a  kiln  with  a 
small  load,  as  the  same  amount  of  heat  has  to  be  expended 
in  heating  up  the  mass  of  brickwork  for  a  small  load  as  for 
a  large  one.  Of  course,  sometimes  such  a  course  is  un- 
avoidable, as,  for  instance,  when  through  an  accident  the 
chamber  contains  a  considerable  quantity  of  slurry  that 
is  scarcely  dry  enough  to  load  into  the  kilns,  and  it  is 
consequently  necessary  to  light  up  a  small  load  to  com- 
plete the  drying. 
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In  placing  the  fire-bars  in  the  kiln,  care  should  be  taken 
that  they  rest  securely  upon  their  supports,  as  if,  by  any 
accident,  the  bearing  bar  should  become  detached,  and 
the  bars  be  allowed  to  drop  just  after  the  kiln  has  been 
lit,  not  only  will  the  proper  calcination  of  the  clinker  be 
seriously  interfered  with,  owing  to  the  obstruction  of  the 
draught,  and  the  general  disarrangement  of  the  loading, 
but  the  fire-bars  themselves  will  be  utterly  destroyed 
and  reduced  to  a  shapeless  molten  mass  by  the  "  firing  " 
of  the  kiln,  ue.  the  coke  that  is  placed  on  the  bars  to 
start  the  fire,  as  explained  on  page  85.  Nor  will  the 
difficulty  end  there,  for  in  drawing  the  kiln,  it  will  be  no 
easy  matter  to  distinguish  and  entirely  separate  the  molten 
metal  from  the  clinker,  and  if  any  considerable  part  of  the 
iron  goes  forward  to  the  mills,  it  may  seriously  damage  the 
grinding  machinery.  When,  however,  the  fire  has  got  well 
away  from  the  bars,  and  the  kiln  is  about  half  burnt  off,  it 
is  sometimes  found  desirable  to  thoroughly  shake  the  bars, 
and  draw  out  one  or  two  here  and  there,  so  as  to  get  rid  of 
any  dust  or  ash  that  may  be  present,  and  thus  promote  a 
freer  draught  This  course  is  more  especially  found  to  be 
advantageous  when  a  kiln  is  going  slowly,  and  requires  in- 
fusing with  a  little  more  life. 

The  maintenance  and  repair  of  kilns  form  one  of  the 
most  serious  items  of  wear  and  tear  in  a  cement  factory. 
After  a  comparatively  short  period,  a  new  fire-brick  lining 
wants  continual  attention  and  patching,  until  it  eventually 
gets  unsafe,  and  the  kiln  has  to  be  relined  throughout. 
The  upper  part  of  the  lining,  which  does  not  come  into  con- 
tact with  the  white-hot,  semi-molten  clinker,  and  therefore 
is  not  attacked  by  the  lime  therein,  will  be  found  to  last 
considerably  longer  than  that  of  the  zone  of  greatest  wear 
mentioned  on  page  78;  and  where  the  kiln  is  properly 
back-lined,  it  is  usual,  in  order  to  economise  fire-bricks,  to 
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line  this  upper  portion  with  bricks  on  edge  only,  such  a 
lining  being  found  ample  for  the  purpose  of  protecting  that 
part  of  the  structure  of  the  kiln.  Whatever  the  wear  and 
tear,  it  will  be  found  desirable  and  instructive  to  keep  a 
record  of  the  life  of  each  kiln  lining,  and  the  amount  of 
material  and  labour  expended  on  it  in  repairs.  In  the 
matter  of  cost  of  maintenance,  the  old  original  bottle  kilns 
are  found  to  compare  very  favourably  with  the  later  type  of 
chamber  kilns.  Obviously,  in  the  former  case,  there  is  no 
long  chamber  or  series  of  flues  to  keep  in  repair,  and  the 
lining  of  the  kiln  with  a  chamber  attached  will  be  found  to 
give  way  sooner  than  that  of  an  open  bottle  kiln.  This 
peculiarity  is,  doubtless,  due  to  the  fact  that  in  the  latter 
case  the  heat  escapes  easily,  without  any  confinement, 
whereas  in  the  former  it  is  more  or  less  conflned  within  the 
kiln  itself,  more  especially  with  those  types  of  kiln  in  which 
the  whole  of  the  gases  are  led  direct  into  comparatively 
small  flues  at  the  side  of  the  kiln. 

Joy's  patent  process,  which  is  a  combination  of  the 
intermittent  and  continuous  kiln,  was  once  extensively  used 
at  certain  works  in  the  Medway  district.  The  principle  of 
the  process  is  that  the  kiln  is  started  with  dried  slurry  and 
coke  in  the  ordinary  way,  but  when  a  suflicient  body  of  fire 
has  been  thus  obtained,  wet  slurry,  mechanically  mixed 
with  fine  coal  or  coke  breeze,  is  fed  in  by  hand  at  the  top, 
according  as  the  fire  works  up,  until  the  kiln  is  full  of 
clinker;  the  fire  is  then  allowed  to  die  out  and  the  kiln 
drawn  in  the  ordinary  way.  Attached  to  the  kiln  is  a 
small  drying  floor  sufliciently  large  to  dry  enough  slurry 
for  starting  the  loading.  By  means  of  specially  devised 
machinery,  the  slurry  is  delivered  alongside  the  kiln  ready 
mixed  with  the  proper  proportion  of  breeze  or  fine  coal. 
The  manufacturers  claim  that  by  this  process  a  complete 
check  can  be  kept  on  the  burning  of  the  kiln,  as  the  man 
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in  charge  is  always  in  attendance,  and  thus  a  more  regular 
result  is  obtained  than  with  the  ordinary  method  of  burning. 

Coming  next  to  the  second  class  of  kiln,  i,e.  the  vertical 
continuous  or  shaft  type,  there  is  no  doubt  that  from  an 
economical  and  scientific  point  of  view  a  continuous  kiln  is 
the  correct  one  to  use,  as  in  the  intermittent  kiln  there  is 
an  enormous  amount  of  heat  wasted,  owing  to  the  immense 
mass  of  brickwork,  etc.,  to  be  heated  every  time  the  kiln  is 
lit  As  one  or  more  men  have  to  get  inside  the  kiln  for 
the  purpose  of  loading,  it  also  has  to  be  allowed  to  cool 
sufficiently  to  enable  them  to  work  in  it,  and  consequently 
is  nearly  cold  before  it  is  again  lit  up. 

A  type  of  continuous  kiln  that  has  been  used  in  this 
country  with  some  success,  but  more  particularly  in  Belgium 
and  abroad,  is  shown  in  fig.  i6,  and  was  patented  by 
Dietsch  in  1884.  Small  coal  is  the  fuel  generally  used, 
and  the  cost  of  calcination,  as  compared  with  the  ordinary 
bottle  kiln,  is  very  small,  but,  like  the  old  original  bottle 
kiln,  the  slurry  has  first  to  be  dried  by  separate  drying 
floors,  the  waste  heat  not  being  available  for  that  pur- 
pose. The  Dietsch  kiln  may  be  described  as  a  kiln  which 
does  its  work  by  stages,  the  working  part  of  the  kiln  being 
divided  into  three  distinct  parts,  viz.  a  heating  chamber, 
a  burning  chamber,  and  a  cooling  chamber.  Referring  to 
the  illustration,  and  supposing  the  kiln  to  be  in  full  swing, 
the  cooling  chamber  H  would  be  filled  with  calcined 
clinker,  which  is  being  cooled  by  the  cold  air  passing 
through  it  on  its  way  to  the  burning  chamber  F.  The 
cooling  chamber  thus  serves  the  double  purpose  of  cooling 
the  clinker  and  heating  the  air  supply  to  the  burning 
chamber.  This  chamber  is  filled  with  slurry  in  the  course 
of  calcination,  as  at  that  point  the  heat  is  greatest.  The 
heating  chamber  B  is  filled  with  dry  slurry,  which  is  fed  in 

at  the  loading  eye  A.     At  fixed  intervals,  generally  about 

H 
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every  half-hour,  a  certain  portion  of  the  clinker  ts  drawn 
out  at  the  bottom,  which  causes  the  whole  mass,  both  in  the 
calcining  and  cooling  chambers,  to  sink  accordingly ;  to  take 
the  place  of  the  clinker  that  is  thus  removed,  a  fresh  portion 
of  the  slurry  heated  by  the  escaping  gases  is  raked  forward 


into  the  calcining  chamber,  the  necessary  fuel  being  added 
from  the  eyes  E  E.  It  sometimes  happens  that,  owing  to 
the  clinker  beingslightly  overburned  and  vitrifyingtoo  much, 
the  mass  hangs  up,  and  will  not  drop  properly  when  a  portion 
is  drawn  from  the  bottom ;  to  overcome  this  difficulty,  eyes 
are  placed  at  convenient  levels  at  the  lower  end  of  the 
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calcining  chamber,  so  that  with  the  aid  of  iron  bars,  the 
mass  may  be  detached  and  again  set  in  motion. 

Although  this  kiln  is  very  economical  in  its  fuel  con- 
sumption, it  requires  constant  attention  and  charging ;  the 
labour  attending  its  working  is  very  great  as  compared 
with  the  usual  type  of  intermittent  kiln,  and,  moreover,  its 
working  requires  very  exact  and  careful  attention,  the  pro- 
duct of  course  depending  upon  the  skill  and  care  expended 
upon  it  by  the  man  in  charge.  From  what  the  author  has 
seen  of  this  kiln,  a  large  proportion  of  the  clinker  is  not 
sufficiently  burned;  owing  to  the  nature  of  the  kiln,  the 
half-burnt  clinker  cannot  be  reburnt  in  it,  and,  in  order  to  be 
utilised  at  all,  has  to  be  reburnt  in  subsidiary  kilns,  specially 
constructed  for  that  purpose.  The  Dietsch  kiln  is  chiefly 
used  where  coke  cannot  be  obtained  as  a  fuel,  and  coal  has 
to  be  used.  Where  a  good  supply  of  coke  is  obtainable  at 
a  reasonable  cost,  it  will  be  found  more  advantageous  to 
use  one  of  the  types  of  intermittent  kiln  already  described, 
more  especially  with  the  wet  process  of  manufacture. 

The  Hoffman  or  ring  kiln,  which  is  shown  in  plan  and 
section  in  figs.  17  and  18,  is  chiefly  used  in  this  country  for 
burning  bricks,  although  on  the  Continent  it  has  found  a 
certain  amount  of  favour  for  calcining  cement.  It  consists 
of  a  series  of  chambers,  arranged  in  a  circle  or  in  a  circular 
form,  round  a  central  shaft.  Each  chamber  has  a  flue  con- 
necting it  with  the  chimney,  and  also  a  loading  eye  or  door 
opening  outwards.  The  raw  material  for  calcination  in  this 
kind  of  kiln  has  to  be  pressed  into  brick  form,  to  enable  it 
to  be  properly  piled  up  in  the  chamber,  somewhat  similarly 
to  the  manner  in  which  bricks  are  loaded  for  burning  in  a 
brick  kiln.  The  principle  on  which  it  works  is  a  continuous 
one.  When  one  compartment  is  loaded,  it  is  shut  off  from 
the  succeeding  one,  which  is  empty  and  ready  for  loading, 

by  a  sheet  of  iron  or  similar  contrivance,  and  the  shutter 
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separating  it  from  the  preceding  compartment,  just  previously 


Fig.  17. 

loaded,  is  removed.    The  flue  connecting  it  with  the  chimney 
is  then  opened,  and  the  corresponding  flue  of  the  preceding 
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compartment  closed.  By  this  means,  the  waste  heat  from 
the  compartment  which  is  undergoing  calcination  is  passed 
forward  through  it,  and  as  the  compartments  are  worked 
in  turn,  the  contents  gradually  become  heated.  The  cold 
air,  in  passing  through  the  previous  chambers  in  which 
calcination  has  been  completed,  is  heated  thereby  before  it 
reaches  the  compartment  containing  material  undergoing 
calcination,  and  thus  the  cycle  continues.  It  is  usual  for 
a  compartment  to  be  loaded  and  one  to  be  drawn  every 
day.  The  fuel  is  not  loaded  in  with  the  bricks,  but  is  fed 
in  at  the  top,  through  suitable  openings,  while  the  contents  of 
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the  chamber  are  being  calcined.  This  form  of  kiln  is  very 
economical  in  fuel,  but,  like  the  Dietsch  kiln,  is  very  expen- 
sive  in  labour,  and  requires  very  skilful  operation  to  obtain 
satisfactor}'  results.  The  greater  part  of  the  cement  industry 
in  this  country  being  conducted  on  the  wet  system,  this  type 
of  kiln  is  not  so  suitable  as  some  of  the  intermittent  types, 
but  it  is  used  to  a  considerable  extent  in  Germany,  where  the 
dry  process  is  more  in  vogue.  Where  the  cost  of  fuel  is  of 
more  importance  than  labour,  it  would  doubtless  be  more 
economical,  but  under  the  conditions  of  cheap  fuel  and  com- 
paratively dear  labour  which  exist  in  England,  there  would 
be  no  economy  in  its  use. 

A  type  of  continuous  vertical  shaft  kiln,  which  has 
recently  found  considerable  favour  both  in  England  and 
abroad,  is  the  Schneider  kiln  which,  in  common  with  all 
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kilns  of  the  vertical  continuous  type,  is  more  suited  to  the 
dry  process  of  manufacture  than  to  the  wet,  since  the  raw 
material  has  generally  to  be  dried  and  pressed  into  bricks 
for  loading  into  it.  Broadly  speaking,  it  may  be  said  to 
consist  of  a  plain  cylindrical  kiln,  about  7  feet  in  diameter 
by  40  feet  deep,  according  to  the  output  required,  with  a 
funnel-shaped  metal  dome  at  the  loading  floor  level,  in 
which  are  convenient  openings  for  loading  purposes,  lead- 
ing to  a  flue  connected  with  the  chimney-shaft,  and  also 
a  short  by-pass  chimney  to  the  open  air,  controlled  by  a 
damper  in  each.  The  chief  difficulty  with  all  continuous 
kilns  of  this  type  is,  that  the  clinker  is  apt  to  flux  and 
adhere  to  the  fire-brick  lining  in  the  clinkering  zone,  thus 
preventing  the  even  and  regular  falling  of  the  charge,  when 
the  cold  clinker  is  periodically  drawn  out  at  the  bottom. 
To  overcome  this  difficulty,  the  loading  of  the  kiln  is  so 
arranged,  that  a  ring  or  layer  of  raw  bricks  is  placed  all 
round  the  outside,  next  the  fire-brick  lining  of  the  kiln, 
which  thus  acts  as  a  protective ;  this  raw  brick  ring  is, 
however,  as  a  rule,  insufficiently  calcined,  and  involves 
more  or  less  picking  out  of  underburnt  portions  when  the 
clinker  is  drawn.  Recent  installations  of  this  kiln  have  been 
erected  in  which  induced  draught,  generated  by  fans,  has 
been  the  main  feature,  and  a  considerably  increased  output 
and  economy  of  fuel  is  claimed  as  the  result.  There  is, 
however,  nothing  novel  in  the  use  of  artificially  induced 
draught  for  cement  burning,  the  arrangement  mentioned 
on  page  93,  as  applied  to  chamber  kilns,  having  been 
installed  more  than  twenty  years  ago.  Another  modifica- 
tion of  the  process  is  to  mix  coke  breeze,  or  fine  coal,  or  a 
mixture  of  the  two,  with  the  raw  compo  before  it  is  formed 
into  bricks,  which  it  is  claimed  results  in  more  even 
calcination,  and  also  economy  in  fuel ;  this,  in  itself,  is  not 
any  particular  novelty,  since  the  basis  of  Joy's  process, 
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described  on  page  96,  is  the  incorporation  of  fuel  with  raw 
wet  slurry. 

An  ingenious  method  of  meeting  the  difficulty  mentioned 
above,  of  the  semi-molten  clinker  fluxing  with  and  adher- 
ing to  the  fire-brick  lining  of  the  kiln,  is  that  of  the  Stein 
patent  kiln,  an  illustration  of  which  is  shown  in  fig.  19. 
The  kiln  consists  of  a  series  of  cast-iron  rings,  placed  one 
above  the  other,  so  as  to  form  a  cylindrical  shaft  about  8 
feet  in  diameter.  These  rings  are  smooth  on  the  inside, 
while  the  outside  is  provided  with  vertical  ribs,  so  that 
each  ring  resembles  a  cast-iron  toothed  wheel,  with  ab- 
normally long  teeth  ;  the  object  of  these  long  teeth  is  to 
act  as  radiators  to  conduct  away  the  heat,  keep  -the  casing 
cool,  and  thus  prevent  the  clinker  from  fluxing  and  adher- 
ing to  the  cast  iron.  It  is  claimed  that  these  ribs  render 
it  possible  for  the  contents  of  the  kiln  to  be  heated  to 
clinkering  temperature  without  the  lining  being  in  any  way 
affected.  The  author  has  been  afforded  an  opportunity  of 
inspecting  the  working  of  this  kiln  in  the  London  district, 
and,  from  information  supplied  by  the  works  manager,  it 
performs  its  duty  well  and  effectually.  Where  the  draught 
of  a  tall  chimney  shaft  is  not  available,  these  kilns  are 
used  with  a  forced  draught;  but,  as  the  patentees  point 
out,  the  former  is  preferable,  as  the  draught  is  more  evenly 
distributed  than  with  the  latter. 

We  now  come  to  the  latest  type  of  kiln,  commonly 
known  as  the  rotary  kiln,  which  is  fast  becoming  universal, 
and  rendering  obsolete  all  previous  types.  The  broad 
principle  of  this  kiln  is  an  almost  horizontal,  slowly-rotating 
cylinder  of  boiler  plate,  lined  with  fire-brick ;  it  is  not 
quite  horizontal,  having  a  fall  of  about  i  in  90.  At  the 
upper  end  is  fed  in  the  material  to  be  calcined,  either  in 
powder  or  fluid  form  as  the  case  may  be ;  at  the  lower  end 
is  injected,  by  means  of  an  air  blast,  gas,  oil,  or  powdered 
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coal,  which  supplies  the  heat  As  the  kiln  rotates,  the 
raw  material  passes  slowly  down  towards  the  flame, 
becoming  gradually  heated  in  its  passage,  until  it  reaches 
the  clinkering  zone,  where  incipient  vitrifaction  takes 
place ;  and  it  finally  drops  out,  at  the  lower  end,  in 
rounded  granulated  fragments  of  white-hot  clinker. 

This  type  of  kiln  was  first  invented  by  Mr  Crampton, 
an  English  engineer,  in  1877,  but  there  is  no  record  of  his 
having  put  his  invention  to  practical  use.  Some  seven 
years  later  Mr  Frederick  Ransome  further  perfected  the 
idea,  and  carried  it  to  a  practical  issue.  The  following  are 
the  claims  set  forth  in  his  patent  of  May  2,  1885  • — 

''  I.  The  process  of  manufacturing  Portland  and  other 
cement  substantially  as  hereinbefore  described,  consisting 
in  first  reducing  the  cement  material  to  a  dry  powder, 
according  to  the  degree  of  fineness  required  in  the  burnt 
cement,  and  then  burning  such  dry  powder  by  keeping  it 
in  continuous  movement,  whilst  exposed  to  the  heated 
products  of  combustion  of  a  gas  or  other  furnace,  so  that 
the  cement  produced  may  be  used  without  subsequent 
grinding. 

"2.  The  process  of  manufacturing  Portland  and  other 
cement  substantially  as  hereinbefore  described,  consisting 
in  first  reducing  the  cement  material  to  a  dry  powder, 
according  to  the  degree  of  fineness  required  in  the  burnt 
cement,  and  then  burning  such  powder  in  a  slowly  revolving 
chamber  heated  by  the  combustion  of  gas,  substantially  as 
described." 

One  of  these  kilns,  of  which  an  illustration  is  given  in 
fig.  20,  was  given  a  prolonged  trial  at  a  cement  works  at 
Grays,  Essex,  using  gaseous  fuel,  but  did  not  prove  a 
commercial  success,  and  was  finally  abandoned.  It  is 
evident  from  the  claims  in  the  specification,  that  Ransome 
expected  to  effect  great  economy  in  the  cost  of  grinding 
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the  clinker,  by  calcining  the  raw  material  in  a  powdered 
condition ;  but  he  apparently  overlooked  the  fact  that 
properly  calcined  white-hot  clinker  is  of  a  semi-molten 
nature,  and  would  therefore  inevitably  ball  or  clc^  to- 
gether in  rolling  round  the  cylinder.  It  may  be  interesting 
to  note  here,  as  showing  how  utterly  fallacious  this  idea  of 
economy  in  pulverisation  was,  that  the  chief  difficulty  with 
the  first  rotary  kiln  plants,  installed  in  this  country  some 
fifteen  years  later,  was  the  efficient  pulverisation  of  the  re- 
sultant clinker ;  it  was  found  to  be  so  difficult  of  reduction, 
that  many  of  the  grinding  mills  used  for  intermittent  kiln 
clinker  were  utterly  useless  with  rotary  kiln  clinker. 

Following  Ransome,  came  Stokes'  patents  of  1886,  1887, 
and  1888,  in  which  the  waste  heat  from  the  burning 
cylinder  was  utilised  to  dry  the  wet  slurry  on  the  outside 
of  a  spjBcially  arranged  cylinder,  placed  between  the  burn- 
ing cylinder  and  the  chimney  shaft.  The  hot  clinker  was 
also  arranged  to  pass  through  a  cooling  cylinder,  which 
served  the  double  purpose  of  cooling  the  clinker  ready  for 
grinding,  and  heating  the  air  used  for  combustion  purposes 
in  the  burning  cylinder.  Stokes'  patent,  though  well 
thought  out  in  many  respects,  and  theoretically  economical, 
does  not  appear  to  have  gone  beyond  the  laboratory  and 
experimental  stages.  It  was  left  to  our  American  cousins 
to  follow  up  and  perfect  Ransome's  and  Stokes'  ideas,  and, 
after  years  of  patient  experiment,  to  bring  them  to  a 
practical  and  remarkably  successful  issue.  Labour  in 
America  is,  of  course,  a  most  expensive  item ;  and,  with 
the  exception  of  the  loading  and  drawing  of  kilns,  which, 
by  all  other  intermittent  and  continuous  kilns,  is  an  opera- 
tion involving  considerable  manual  labour,  the  whole  of 
the  handling  of  the  material  in  the  remaining  processes  of 
cement  manufacture  could  be  efTected  by  mechanical 
means.     If  therefore  the  defects  of  the  rotary  kiln  could 
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be  overcome,  the  whole  process  of  manufacture,  from  the 
delivery  of  the  raw  materials  into  the  reduction  mills  to 
the  weighing  of  the  finished  cement  in  the  warehouse, 
could  be  carried  through  without  the  material  being  once 
touched  by  hand — an  item  of  no  small  importance  from 
the  American  manufacturers'  point  of  view;  and  it  re- 
dounds greatly  to  the  credit  of  American  enterprise  and 
energy,  that  what  was  abandoned  in  this  country  as  a 
hopeless  failure  in  1886  was,  some  fifteen  years  later,  re- 
introduced from  across  the  Atlantic,  in  a  modified  form,  as 
a  pronounced  success.  As  an  instance  of  the  rapid  strides 
the  rotary  kiln  has  made  in  the  land  of  its  adoption,  it 
may  be  said  that  at  least  95  per  cent,  of  the  present 
American  output  is  the  product  of  rotary  kilns,  and  it  is 
very  certain  that  the  percentage  will  continue  to  increase, 
for  no  manufacturer,  unless  under  very  exceptional  cir- 
cumstances, would  now  think  of  installing  the  older  inter- 
mittent or  continuous  shaft  type. 

The  main  broad  principle  of  the  rotary  kiln,  as  already 
described,  is  the  same  throughout,  but  there  are  countless 
modifications  in  the  details  of  the  air  blast,  feed  of  raw 
materials  and  of  fuel,  length  and  diameter  of  cylinder, 
etc.,  most  of  which  form  the  subject  of  patents.  Finely- 
powdered  coal  is  now  almost  universally  used,  except  in 
those  parts  of  America  and  elsewhere  where  petroleum  is 
cheap,  or  where  natural  gas  is  available.  The  best  coal 
for  the  purpose  is  one  which  is  high  in  volatile  gases  and 
low  in  fixed  carbon ;  but,  whatever  coal  is  used,  it  is 
necessary  that  it  should  be  very  finely  ground,  so  as  to 
ensure  complete  and  ready  combustion.  To  facilitate 
grinding,  it  is  necessary  that  the  coal  should  be  thoroughly 
dried,  which  is  generally  effected  by  passing  it  through  a 
revolving  drying  drum,  which  can  be  heated  with  hot  air, 
either  from  specially  constructed   furnaces,  or  with   the 
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waste  hot  gases  from  the  kilns  or  clinker  cooler.  At  one 
laige  works  in  this  country,  the  coal  is  dried  by  radiated 
heat  from  the  kiln,  an  iron  casing  or  jacket  being  con- 
structed outside  the  kiln  for  a  portion  of  its  length,  so  that 
the  coal  which  is  fed  in  at  the  upper  end  passes  down  to 
the  lower  end  as  the  kiln  rotates,  and  is  dried  en  route^ 
falling  out  at  the  bottom  into  a  conveyor,  which  takes  it 
to  the  coal-grinding  mill  The  main  disadvantage  of  this 
method  of  drying  coal  is  that  if,  as  sometimes  happens, 
the  fire-brick  lining  in  the  clinkering  zone  of  the  kiln 
should  get  thin  or  bum  through,  and  cause  the  boiler  plate 
shell  of  the  kiln  to  become  dangerously  hot,  and  show  red, 
as  it  would  do  in  the  ordinary  way,  the  coal  drying  jacket 
here  described  would  effectually  hide  it  from  view,  and 
probably  result  in  immense  damage  to  the  kiln  before  it 
was  discovered,  to  say  nothing  of  the  danger  arising  from 
ignition  of  the  coal  undergoing  drying.  It  is  hardly 
necessary  to  mention  that  coal  dust  is  a  highly  inflam- 
mable material,  and  therefore  considerable  care  has  to  be 
exercised  to  avoid  explosion,  and,  with  this  particular  end 
in  view,  it  is  sometimes  dried  in  a  revolving  drum,  heated 
by  a  steam  coil  or  spiral.  Small  coal  being  generally  used 
on  account  of  its  cheapness,  it  is  therefore  fine  enough  to 
be  sufficiently  dried  by  either  of  the  foregoing  processes ; 
but  where  large  coal  is  used,  it  is  of  course  necessary  to 
crush  it  fairly  fine  before  drying,  which  is  generally  effected 
by  means  of  one  of  the  types  of  Blake's  crushers  shown  in 
fig.  22,  p.  121.  The  mills  generally  used  for  grinding  coal 
are  either  the  Griffin  mill,  described  on  p.  140,  or  the  tube 
mill,  described  on  p.  149 ;  sometimes  a  combination  of  the 
two  is  used,  the  coal  being  roughly  ground  in  a  Griffin 
mill,  and  passed  through  an  Askham  separator  (p.  138), 
the  core  or  tailings  being  finally  reduced  in  the  tube  mill. 
As  previously  stated,  the  finer  the  coal  is  ground  the  better, 
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but  at  any  rate  it  should  not  leave  more  than  5  per  cent, 
on  a  No.  100  x  100  sieve.  From  the  grinding  mills  the 
pulverised  coal  is  conveyed  to  hoppers  of  convenient  size, 
over  the  firing  end  of  the  rotary  kiln,  whence  it  is  fed  by 
specially  arranged  gear  into  the  blast  tube. 

The  dimensions  of  a  rotary  kiln  depend,  of  course,  upon 
the  output  required ;  the  usual  size  at  present  being  installed 
in  this  country  is  from  100  to  150  feet  long,  by  about  6 
or  7  feet  in  diameter;  the  latter  dimension,  allowing  for 
the  9-inch  fire-brick  lining,  gives  an  internal  diameter  of 
about  5  or  6  feet.  The  output  from  these  kilns  would  range 
from  300  to  600  tons  per  week,  according  to  the  class  of 
raw  material  used,  Le.^  whether  wet  process  or  dry  process 
of  manufacture.  The  earliest  types  of  kilns  installed  were 
very  much  shorter,  «>.,  about  40  feet  long  by  3  feet  6 
inches  in  diameter,  with  an  output  of  about  100  tons  per 
week.  A  later  installation  was  a  battery  of  six  kilns  of 
60  feet  in  length,  which,  working  on  the  dry  process,  gave 
an  output  of  about  200  tons  per  week  each.  The  tendency, 
however,  appears  to  be,  wherever  possible,  to  increase  the 
size  and  output  of  the  kilns,  and  the  author  was  shown 
the  order  book  of  a  firm  of  kiln  manufacturers  recently, 
in  which  there  had  been  nothing  during  the  past  twelve 
months  of  less  than  130  feet  long.  The  longest  kiln  at 
present  at  work  in  this  country  is  one  of  230  feet  with  an 
output  of  about  1500  tons  per  week.  It  seems,  however, 
to  be  a  matter  that  is  open  to  some  question,  as  to  whether 
it  is  always  good  policy  to  instal  a  kiln  of  such  very  large 
output,  unless  in  a  battery  with  several  of  the  same  size ;  it 
seems  rather  like  putting  all  one's  eggs  into  one  basket,  if 
such  a  homely  simile  may  be  permitted.  The  advantages 
claimed  are,  first,  economy  in  labour,  since  a  large  kiln  is 
no  more  trouble  to  control  than  a  smaller  one;  second, 
some  slight  economy  in  fuel  consumption,  since,  with  the 
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extra  length  of  kiln,  the  flue  gases  are  delivered  into  the 
chimney  at  a  lower  temperature  than  with  a  short  one ;  it 
is  claimed  that  a  230  feet  kiln  will  only  require  about  25 
per  cent  of  fuel  as  against  30  per  cent,  with  a  100  or  120 
feet  kiln.  The  first  cost  is  also  comparatively  smaller, 
since  a  large  kiln  and  accessories  costs  less  than  two 
smaller  ones  of  the  same  collective  output,  with  the  usual 
accessories  of  each.  The  chief  disadvantage  of  such  a 
large  kiln  is  that,  if  for  any  reason  it  is  stopped,  there  is  a 
very  much  greater  proportion  of  the  output  lost  than 
would  be  the  case  if,  say,  one  of  the  three  kilns  having 
collectively  the  same  output  were  out  of  action  for  the 
same  period. 

It  is  usual  for  the  kiln  to  be  carried  on  two  or  three  pairs 
of  roller  bearings,  fixed  at  a  convenient  distance  apart 
according  to  the  length  of  the  kiln ;  to  obviate  the  effect  of 
expansion,  as  far  as  possible,  instead  of  the  cylinder  itself 
running  on  these  bearings,  a  flat  tyre  or  collar,  3  or  4 
inches  larger  in  diameter,  is  fastened  to  it  by  means  of 
bridges  or  distance  pieces,  so  that  there  is  free  air-space 
between  the  tyre  and  the  cylinder.  The  kiln  is  generally 
rotated  by  means  of  a  toothed  wheel,  fixed  to  it  in  the 
same  manner  as  the  above-mentioned  bearing  rings,  and 
actuated  by  a  worm  wheel  geared  down  to  a  proper  speed 
from  a  lay-shaft;  and  in  order  to  be  able  to  control  the 
feed,  etc.,  by  varying  the  speed  of  rotation,  it  is  usually 
driven  by  a  three-speed  gear. 

The  matter  of  the  fire-brick  lining  of  the  kiln  and  its 
maintenance,  is  one  of  the  chief  items  of  expense  with  the 
rotary,  as  with  the  ordinary  intermittent  kiln  ;  the  semi- 
molten  clinker  attacking  and  more  or  less  fluxing  with  its 
acid  constituents,  is  as  much  a  source  of  trouble  in  the 
former  as  with  the  latter,  and  the  protective  measures 
adopted  are  practically  the  same  in  both  instances.     In 
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the  intermittent  kiln,  it  is  usual  to  '*  daub "  the  clinkering 
zone  with  the  wet,  raw  cement  mixture,  while  in  the  rotary 
kiln  a  layer  of  clinker  is  induced  to  form  over,  and  adhere 
to,  the  fire-brick  in  the  clinkering  zone,  which  acts  as  a 
protective  in  the  same  way.  Several  kinds  of  basic  fire- 
bricks, such  as  Magnesia  fire-brick,  have  been  tried  with 
but  indifferent  success,  the  friability  of  the  latter  proving 
its  chief  defect  So  far  as  present  experience  goes,  a 
highly  aluminous  brick  seems  to  give  the  best  results ;  one 
works  with  which  the  author  is  acquainted  use  a  brick 
containing  about  34  per  cent  of  alumina  with  satis- 
factory results.  One  advantage  which  the  rotary  kiln  has 
over  the  intermittent  kiln,  in  the  matter  of  repair  to  lining, 
is  that  the  clinkering  zone  can  be  renewed  without  en- 
dangering the  stability  of  the  rest  of  the  lining,  whereas 
with  the  intermittent  kiln,  the  relining  of  the  clinkering 
zone,  frequently  means  pulling  down  and  rebuilding  the 
whole  of  the  lining  above.  For  convenience  in  attending 
to  lining  repairs,  etc.,  it  is  usual  to  have  the  feed  and  blast 
arrangement  on  a  movable  trolley,  which  can  be  run  back 
when  the  kiln  is  not  in  use,  and  thus  allows  of  ready  access 
to  the  interior  of  the  kiln. 

The  matters  of  fuel  feed  and  air  blast  are  important 
details,  the  main  desiderata  being  that  they  should  be 
regular,  reliable,  and  readily  controlled.  With  some  raw 
materials  treated  by  the  dry  process,  it  is  found  necessary 
to  slightly  damp  the  powder  before  feeding  it  into  the 
kiln,  otherwise  the  draught  from  the  blast  has  a  tendency 
to  separate  and  remove  the  finer  particles;  this  damping 
is  especially  necessary  where  the  mixture  consists  of  a  com- 
bination of  two  materials  of  dffTerent  gravity,  such  for 
instance  as  limestone  and  clay,  where,  but  for  damping, 
the  draught  would  separate  the  two  materials,  and  thus 
nullify  the    previous    operation   of   careful    mixing    and 
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blending.  For  blast  purposes,  compressed  air  from  air 
compressors  was  the  original  form,  but  a  simple  fan  blast, 
with  a  fan  to  each  kiln,  is  now  generally  adopted.  The 
rate  of  feed  of  raw  material  into  the  upper  end  of  the 
kiln,  the  rotating  speed  of  the  kiln,  the  amount  of  fuel 
consumed,  and  the  force  of  the  blast,  should  all  be  capable 
of  regulation  from  the  burner's  platform  at  the  lower  end  of 
the  kiln,  so  that  if  the  desired  amount  of  calcination  is  not 
being  attained,  it  may  be  regulated  by  slightly  varying  the 
raw  material,  fuel,  rotating  speed,  or  blast.  In  this  respect 
the  clinker  from  the  rotary  kiln  should  be,  and  if  properly 
managed  is,  more  evenly  and  regularly  burned  than  that 
from  the  intermittent  kiln,  for  the  burner  has  complete 
control  of  the  calcination  process  throughout,  and  can 
readily  adjust  any  little  irregularity,  whereas  with  the 
intermittent  kiln,  and  also  with  the  continuous  shaft  kiln 
to  a  somewhat  less  extent,  a  great  deal  has  to  be  left  to 
chance,  when  once  the  kiln  is  loaded. 

The  clinker  as  it  leaves  the  rotary  kiln  is  in  a  white-hot 
condition,  ranging  in  diameter  from  about  an  inch  to  \  inch, 
or  less,  and  naturally  has  to  be  thoroughly  cooled  before  it 
can  be  pulverised.  This  is  generally  accomplished  in  one 
of  two  ways :  one  is  to  elevate  it  by  a  chain  elevator  to  the 
top  of  a  hollow  cylindrical  cooling  tower,  about  30  feet 
high,  and  6  feet  diameter,  from  which  the  cool  clinker  is 
drawn  from  the  bottom  and  the  hot  clinker  fed  in  at  the 
top ;  it  is  thus  cooled  on  its  gradual  passage  downwards, 
the  cooling  process  being  generally  assisted  by  a  blast  of 
cool  air  injected  at  the  base.  A  more  scientific  and 
economical  method,  which  is  now  almost  universal,  is  to 
allow  the  hot  clinker  to  drop  into  a  second  slowly  rotating 
iron  cylinder,  slightly  inclined  from  the  horizontal,  and 
fitted  internally  with  a  number  of  longitudinal  ribs  or 
shelves  of  channel    or   angle   iron.     These  ribs,  as  the 
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cylinder  rotates,  carry  the  clinker  up  nearly  to  the  top, 
until  it  falls  off  to  the  bottom,  to  be  again  carried  up, 
and  is  thus  continuously  exposed  to  the  draught  of  cool 
air  rushing  through  the  cylinder ;  the  air  passing  through 
the  cylinder  being  led  to  the  kiln,  this  arrangement  serves 
the  double  purpose  of  cooling  the  clinker  and  warming  the 
air  supply  to  the  kiln,  after  the  same  principle  as  the 
Schneider,  Dietsch  and  other  continuous  shaft  kilns.  One 
cooling  cylinder,  about  45  feet  long  by  5  feet  diameter, 
will  so  effectually  deal  with  the  clinker  from  an  80-foot 
kiln,  that  it  emerges  quite  cool,  and  can  be  easily  handled 
with  the  bare  hand,  its  temperature  probably  not  exceeding 
100**  F. 

Fig.  21,  which  is  reduced  from  a  working  drawing, 
shows  the  general  arrangement  of  a  rotary  kiln  designed 
for  a  dry  process  plant.  The  raw  mixture,  in  the  form  of 
powder,  is  brought  by  conveyors  to  the  hopper  over  the 
upper  end  of  the  kiln,  whence,  by  specially  arranged  feeding 
gear,  it  is  fed  forward  into  the  mouth  of  the  kiln.  At  the 
lower  end,  the  calcined  material  falls  out  into  a  smaller 
cooling  cylinder,  whence  it  is  conveyed  by  tray  conveyors 
to  the  grinding  machinery.  The  ground  coal  is  delivered 
into  the  hopper  shown  above  the  fan,  whence,  by  specially 
regulated  gear,  it  is  fed  into  the  pipe  leading  from  the  fan 
to  the  firing  end  of  the  kiln,  and  is  carried  along  by  the 
blast  to  the  ignition  point. 

The  matter  of  efficient  grinding  of  rotary  clinker  was  a 
problem  which  for  some  considerable  time  severely  taxed 
the  resources  of  the  earlier  installations  in  this  country, 
and  in  many  factories  there  is  still  room  for  improvement 
in  this  respect  Rotary  kiln  clinker  being  very  much 
harder  than  that  produced  by  ordinary  intermittent  kilns, 
it  was  found  that  machines  which  efficiently  dealt  with 
the  latter  were  of  no  use  whatever  for  the  former.     These 
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difficulties,  however,  now  seem  to  have  been  quite  over- 
come, and  although  in  some  instances  the  efficient  pulver- 
isation of  the  rotary  clinker  still  leaves  something  to 
be  desired,  the  resultant  cement  is  generally  superior 
in  cementitious  value  to  that  produced  from  inter- 
mittent kilns.  The  two  methods  of  pulverisation  that 
seem  most  in  favour  are  the  Griffin  mill  (p.  143),  and  the 
combination  of  ball  mill  with  tube  mill  (pp.  147  and  148). 
Instances,  however,  have  come  under  the  author's  notice 
in  which  the  tube  mill  has  been  used  in  combination  with 
the  Griffin  mill,  the  latter  being  used  for  rough  primary 
reduction  only. 

One  rather  uncomfortable  property  of  cement  produced 
by  rotary  kilns  is  that  it  is  extremely  quick  setting, 
rendering  absolutely  necessary  recourse  to  artificial 
methods  of  regulating  the  setting,  such  as  the  addition 
of  gypsum,  watering  the  clinker,  etc.  This  quick-setting 
property  is  doubtless  partly  due  to  the  fact  that  rotary 
kiln  clinker  contains  considerably  less  sulphuric  acid,  in 
the  form  of  calcium  sulphate,  than  that  produced  by 
intermittent  kilns.  The  explanation  is,  that  the  greater 
part  of  the  sulphur  emanates  from  the  coke  or  other 
fuel  used,  which  in  the  intermittent  kiln  is  volatilised  as 
sodium  sulphate  in  the  process  of  burning,  and  is  subse- 
quently cooled  and  deposited  on  the  brickwork  during  its 
passage  through  the  drying  chamber,  whence  it  falls  off  on 
to  the  dry  slurry,  and  is  thus  brought  into  the  clinker  when 
the  slurry  is  loaded  into  the  kiln.  With  the  rotary  kiln,  on 
the  contrary,  the  sulphur  compounds  are  not  cooled  suf- 
ficiently to  be  deposited  until  they  get  outside  the  kiln, 
and  therefore  cannot  contaminate  the  raw  material.  Of 
the  two  methods  above  mentioned  of  regulating  the  setting, 
the  use  of  water  is  decidedly  preferable  to  that  of  gypsum ; 

for  water,  even  if  used  in  excess,  can  only  be  a  passive  evil, 
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whereas  the  addition  of  a  more  or  less  foreign  material, 
such  as  gypsum,  may  have  very  undesirable  consequences. 
In  any  case,  whichever  agent  is  used,  it  should  be  added 
automatically  in  a  regular  and  systematic  manner ;  the  too 
common  practice  of  throwing  a  shovelful  or  so  of  gypsum, 
or  plaster  of  Paris,  on  to  the  top  of  each  wagon-load  of 
clinker,  as  it  goes  to  the  crushers,  cannot  be  too  strongly 
condemned. 

With  rotary  kilns  the  clinker  should  be,  and  if  the 
burning  is  properly  conducted,  is,  all  thoroughly  and  uni- 
formly burned,  but  occasions  sometimes  arise  when  this 
ideal  condition  does  not  fully  obtain.  The  clinker  being  in 
such  small  nodules,  it  is,  of  course,  practically  impossible  to 
eliminate  any  underburnt  fragments  by  hand  picking,  and 
if  by  any  accident  they  exist  in  any  considerable  quantity, 
it  involves  the  rejection  of  the  whole  product.  One  source 
of  underburnt  material  is  that  a  ring  or  annular  ridge  of 
clinker  sometimes  forms,  which  temporarily  dams  up  the 
supply  of  raw  material,  and  when  this  dam  bursts,  the 
material  flows  to  the  outlet  at  such  a  rapid  pace  that  it  does 
not  remain  in  the  clinkering  zone  long  enough  to  be  properly 
calcined,  and  thus  a  certain  amount  of  underburnt  is  pro- 
duced. Another  defect,  probably  arising  from  insufficient 
fuel,  is  that  the  nodules  of  clinker  are  properly  burned  on 
the  outer  surface,  but  if  broken  open  the  interior  is  found  to 
consist  of  yellowish  underburnt  material.  This  is  a  most 
serious  defect,  for  the  clinker  appears  to  be  of  good  quality 
on  the  outside,  and  the  underburnt  material  may  thus  escape 
detection  before  it  passes  to  the  grinding  mills. 

Cement  produced  from  rotary  clinker  is,  as  a  rule,  much 
darker  in  colour  than  that  from  ordinary  intermittent  kilns, 
probably  owing  to  more  thorough  and  efficient  calcina- 
tion. Another  peculiarity  noticeable  with  many  rotary 
kiln  cements,  is  that  the  tensile  tests  at  the  very  early 
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dates,  i,e.  at  three  days,  are  comparatively  poor,  very  often 
markedly  so,  while  at  seven  and  twenty-eight  days  it 
develops  a  much  higher  rate  of  increase  than  usual,  and 
consequently  equals,  if  it  does  not  exceed,  ordinary  cement 
at  those  dates.  Whether  this  is  due  to  an  inherent  quality 
of  the  cement  itself,  or  whether  it  is  due  to  indifferent 
pulverisation,  it  is  difficult  to  say  with  certainty,  but  the 
author's  experience  rather  favours  the  latter  view,  as  he  has 
frequently  found  that  a  short,  gritty,  badly  pulverised 
cement  will  develop  a  higher  increase  between  the  dates 
of  testing,  than  one  which  is  finely  ground,  and  all  reduced 
practically  to  an  impalpable  powder.  The  inference  is  that 
the  grit  being  less  soluble  than  the  powder,  it  naturally 
takes  the  longer  to  combine  with  the  water,  although  it 
eventually  becomes  active. 


CHAPTER  V 

DRY  MILLS  AND  WAREHOUSES 

Having  in  the  preceding  chapter  discussed  at  consider- 
able length  the  various  methods  of  calcining  the  raw 
material,  the  next  step  is  to  describe  the  various  means 
of  reducing  the  calcined  mass  to  a  fine  powder,  so  as  to 
enable  it  to  readily  combine  with  water.  This  is  one  of 
the  most  important  parts  of  the  manufacture,  as  it  has  been 
proved  that  the  cementitious  value  of  the  particle  is  in  strict 
ratio  inversely  proportional  to  its  diameter,  i.e.  the  smaller 
its  diameter,  the  greater  its  comparative  value ;  apart  from 
this  fact,  it  is  very  evident  that  the  finer  the  sample  is 
ground,  the  greater  is  its  covering  power,  and  therefore  the 
more  valuable  does  it  become  as  a  constructive  material. 

The  first  step  is  to  remove  the  clinker  from  the  kiln  and 
convey  it  to  the  grinding  mills.  Referring  first  to  the 
vertical  type  of  kiln,  whether  of  the  intermittent  or  con- 
tinuous type,  the  clinker  emanating  therefrom  is  mostly  in 
large  lumps,  frequently  of  a  foot  or  more  in  diameter 
downwards,  accompanied  by  more  or  less  fine  material, 
and  therefore  the  drawing  has  to  be  effected  by  manual 
labour,  the  mass  being  detached  and  wheeled  in  barrows  to 
the  crushers ;  where,  as  sometimes  happens,  the  clinker  has 
to  be  conveyed  some  little  distance,  it  will  be  found 
economical  to  use  Decauville  wagons  or  one  of  the  other 
well-known  systems  of  light  or  portable  tramways. 
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Where  intermittent  kilns  can  be  left  long  enough  to  cool 
sufficiently  for  a  boy  to  enter  before  drawing,  it  will  be 
found  advantageous  to  pick  off  the  underburnt  portions 
generally  to  be  found  on  the  surface  of  the  clinker,  and 
remove  them  ready  for  reburning.  If  these  underburnt 
portions  are  drawn  in  the  ordinary  way  along  with  the 
well-burnt  clinker,  they  are  always  crushed  up  more  or  less 
in  falling  down  with  the  rest  of  the  mass,  and  are  there- 
fore much  more  difficult  to  pick  out  than  if  removed  from 
the  surface  in  the  first  instance.  Although  desirable,  this 
method  involves  some  loss  of  time,  it  being  more  general  to 
commence  drawing  the  kilns  before  the  fire  has  quite  died 
out  on  the  top  of  the  clinke'r,  provided,  of  course,  that  the 
slurry  in  the  chamber  is  sufficiently  dry  to  enable  such  a 
course  to  be  pursued. 

With  the  vertical  type  of  kiln  it  is  impossible  to  avoid 
the  presence  of  a  small  portion  of  underburnt  material  in 
the  kiln,  and  this  should  be  carefully  picked  out  and  thrown 
aside  to  be  recalcined.  Boys  are  generally  employed  to 
pick  out  this  "  half-burnt,"  "  pink,"  or  "  slack,"  to  give  it  its 
various  names,  as  it  is  thrown  up  into  the  wagons  or 
barrows  by  the  drawers.  Some  firms  who  recognise  the 
importance  of  eliminating  the  underburnt  as  far  as  possible, 
go  to  the  expense  of  erecting  a  short  length  of  broad 
conveyor  trays  or  travelling  tables,  about  18  inches  wide, 
leading  from  a  hopper  to  the  crushers.  The  clinker  is 
tipped  from  the  wagons  or  barrows  into  the  hopper, 
whence  the  conveyor  carries  it  forward  in  a  steady  stream 
to  the  crushers,  and  a  boy  is  stationed  on  each  side  of  the 
table  to  pick  out  any  underburnt  pieces  that  there  may  be 
in  the  clinker.  This  arrangement  not  only  affords  every 
facility  for  thoroughly  eliminating  every  particle  of  "  slack," 
but  also  provides  a  fairly  uniform  rate  of  feed  to  the 
crushing  machinery. 
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Properly  burnt  clinker  is  a  dark-green,  almost  black- 
looking  substance,  of  a  spongy,  porous,  honeycombed 
nature,  somewhat  resembling  coke  in  appearance,  though, 
of  course,  a  great  deal  heavier  and  harder.  If  calcination 
is  carried  beyond  the  point  of  incipient  vitrifaction,  the 
clinker  loses  its  porous  spongy  characteristic,  and  becomes 
a  dense  metallic-looking  mass,  which  on  grinding  is 
practically  inert.  Light,  very  much  underburnt  clinker, 
consisting  of  slurry  which  has  only  been  subjected  to 
sufficient  heat  to  drive  off  the  carbonic  acid,  is  a  soft 
yellowish  substance,  somewhat  resembling  lime — in  fact,  it 
is  nothing  more  nor  less  than  a  species  of  hydraulic  lime. 
The  slurry  gets  darker  and  heavier,  in  proportion  to  the 
degree  of  heat  to  which  it  has  been  subjected,  until  the 
point  of  incipient  vitrifaction  is  reached,  when  it  becomes 
the  heavy,  porous-looking  mass  above  described. 

It  may  be  mentioned  in  passing,  that  an  examination  of 
a  piece  of  underburnt  clinker  is  often  of  very  considerable 
value  in  detecting  bad  or  imperfect  mechanical  mixture  of 
the  raw  materials.  The  small  pieces  of  unreduced  chalk  in 
the  slurry  are  converted  into  quicklime,  without  having  been 
exposed  to  sufficient  heat  to  make  them  combine  in  any 
way  with  the  rest  of  the  constituents,  and  they  are  conse- 
quently noticeable  in  an  imperfectly  calcined  clinker  as 
white,  more  or  less  disintegrated  particles,  showing  very 
clearly  what  would  be  the  subsequent  effect  in  the  finished 
cement  of  small  pieces  of  unreduced  chalk,  or  other 
carbonate  of  lime,  in  the  slurry  or  compo. 

The  clinker  as  it  comes  from  the  kilns,  with  the  excep- 
tion of  rotary  kiln  clinker,  which  is  usually  small  enough  to 
go  direct  to  the  mills,  is  generally  passed  through  crushers 
of  the  well-known  Blake-Marsden  type  shown  in  fig  22. 
As  will  be  seen  from  the  illustration,  the  jaws,  O,  C*,  of 
this  machine  form  a  V-shaped  opening,  the  former  being 
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stationary,  and  the  latter  hinged  at  E.  A  knapping  motion 
is  imparted  to  the  lower  end  of  the  moving  jaw  by  means 
of  the  t(^gle  plates,  J,  K,  actuated  by  the  eccentric  on  the 
central  shaft  F;  at  every  revolution  of  the  shaft,  the  jaw 
C^  approaches  and  recedes  from  C^  about  half  an  inch ; 
when,  therefore,  a  piece  of  clinker  falls  between  these 
jaws,  it  is  crushed  by  their  converging  action,  and  on  C* 


receding,  it  drops  still  farther  into  the  opening  to  be  again 
crushed,  and  so  the  process  continues  until  it  is  sufficiently 
reduced  to  pass  out  at  the  bottom.  The  shaft  F  is  actuated 
by  two  heavy  fly-wheels,  one  at  each  side  of  the  machine, 
running  at  about  2;o  revolutions  per  minute,  so  that  the 
crushing  power  of  the  jaws  is  enormous.  As  the  lower 
ends  of  the  jaws  have  the  greater  part  of  the  work  to 
do,  they  consequently  wear  much  more  quickly  than 
the  upper  part,  and  therefore  they  arc  made  so  as  to  be 
readily  taken  out   and   reversed.      It  is  usual,  with  this 
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machine    to    reduce    the    clinker    to   about    the    size    of 


walnuts;  but  the  fineness  to  which  the  material  is  crushed 
may  be  adjusted  by  means  of  the  screw  wedge  L,  which 
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enlarges  or  decreases  the  distance  between  the  jaws  as 
may  be  required. 

A  later  type  of  crusher,  made  by  the  same  firm,  which 
they  describe  as  their  "improved  lever  motion  hand- 
hammer  action ''  machine,  is  shown  in  fig.  23.  As  will  be 
seen  from  the  illustration,  the  jaws  are  arranged  in  the 
same  manner,  but  a  lever  H  is  introduced  between  the 
pitman  G  and  the  toggle  plate  J.  It  is  not  easy  to  see 
wherein  this  motion  is  an  improvement  on  the  older  type 
of  crusher,  and  at  first  blush  it  seems  rather  an  unnecessary 
complication  of  a  very  simple  machine,  though  its  efficiency 
is  vouched  for  by  more  than  one  well-known  firm  of  cement 
makers. 

Although  crushers  of  the  Blake  type  are  most  generally 
used  for  the  preliminary  reduction  of  the  clinker,  some 
manufacturers  employ  corrugated  or  toothed  crushing  rolls 
for  that  purpose.  An  illustration  of  a  pair  of  these  crush- 
ing rolls  is  shown  in  fig.  24.  The  advantages  claimed  for 
them  are  that  the  low  speed  at  which  they  run  (5  to  12 
revolutions  per  minute)  ensures  the  minimum  of  wear  and 
tear,  and  that  when  running  empty,  as  crushers  often  are 
for  a  good  part  of  the  day,  their  continuous  revolving 
motion  takes  much  less  power  to  drive  than  the  reciprocat- 
ing motion  of  the  heavy  hammer-like  jaw  of  the  Blake 
type  of  crusher.  Moreover,  the  curved  fang-like  design 
of  the  teeth  of  these  rolls  tends  to  crush  the  clinker  finer, 
or  rather  to  produce  more  fine  particles  and  dust  than  the 
Blake  type  of  crusher,  which  was  originally  designed  for 
producing  road  metal,  the  essential  of  which  is  a  maximum 
of  cubical  material  of  a  certain  size,  and  a  minimum  of 
dust  and  fine  particles. 

As  the  clinker  leaves  the  crusher,  or  crushing  rollers,  it 
falls  into  the  elevator  boot  beneath,  whence  it  is  raised  by 
means  of  an  elevator  to  the  hoppers  over  the  grinding 
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machinery.    These  elevators  are  somewhat  similar  to  those 


already  described  for  elevating  the  slurry  to  the  wet  stones, 
but  as  the  work  they  have  to  perform  in  elevating  rough 
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clinker  involves  considerably  more  wear  and  tear,  the 
buckets  are  usually  attached  to  a  specially  designed  chain 
instead  of  a  belt.  The  hoppers  over  the  grinding  machinery 
may  be  arranged  either  as  one  large  hopper  to  feed  two  or 
more  machines,  or  a  separate  hopper  may  be  arranged  for 
each,  but  in  either  case  they  should,  in  the  aggregate,  be 
large  enough  to  contain  sufficient  clinker  to  keep  the  mills 
going  for  twelve  hours,  so  that  not  only  would  there  be  a 
supply  in  case  of  breakdown  of  the  crushing  and  elevating 
machinery,  but,  as  in  many  works  it  is  the  custom  to  run 
the  mills  night  and  day,  sufficient  clinker  could  be  drawn 
during  the  day  to  fill  up  the  hopper  and  leave  a  supply  for 
the  night's  working.  This  arrangement  avoids  drawing 
kilns  at  night-time,  which,  apart  from  the  inconvenience 
to  the  workman,  cannot  be  so  readily  superintended  by 
the  foreman  whose  duty  it  is  to  see  that  the  underburnt 
portions  are  properly  picked  out. 

It  is  usual  to  place  the  feeding  hopper  of  the  crushers 
on  a  level  with  the  ground,  so  that  the  clinker  can  be 
tipped  alongside  and  gradually  fed  or  "  trimmed  "  in.  The 
practice  of  tipping  wagons  or  barrows  of  clinker  direct  into 
the  crusher  is  not  to  be  recommended,  as  it  puts  a  sudden 
and  undue  strain  upon  the  machinery  ;  although  it  costs  a 
trifle  more  in  labour  to  have  the  clinker  fed  in  by  degrees, 
it  will  be  found  well  worth  the  extra  cost  in  the  saving  of 
wear  and  tear.  It  is  also  the  duty  of  the  man  who  trims 
in  or  feeds  the  crusher  to  keep  a  bright  look  out  for  any 
scraps  of  iron  that  may  by  accident  have  got  among  the 
clinker,  such  as  small  detached  pieces  of  fire-bar  or  the  odd 
scraps  of  iron  that  are  sometimes  found  among  the  coke. 
If  by  any  chance  a  piece  of  iron  too  large  to  pass  through 
the  jaws  should  be  drawn  into  the  Blake  crusher,  it  will  be 
so  tightly  jammed,  that  the  machine  will  have  to  be  thrown 
out  of  work,  till  the  toggle  plates  can  be  taken  out,  and  the 
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obstruction  removed.  The  author  has  cause  to  remember 
one  occasion,  when  the  workman  who  was  feeding  the 
crusher  was  breaking  up  a  large  piece  of  burr  or  heavily 
burned  clinker,  and  the  head  of  the  sledge  hammer  came 
off  and  fell  into  the  crusher,  where  it  became  so  firmly 
jammed  between  the  jaws  that  a  great  deal  of  time  and 
trouble  was  wasted  before  the  mass  could  be  removed. 

The  feeding  hopper  of  the  crusher  being  on  a  level  with 
the  ground,  the  crusher  itself  is  consequently  below  ground, 
and  arrangements  should  be  made  that  the  pit  in  which 
it  is  placed  is  sufficiently  large  to  allow  of  all  parts  being 
accessible  for  lubrication  and  repairs.  As  it  has  rather 
heavy  work  to  do,  it  should  also  be  firmly  bolted  down  to 
a  good  solid  concrete  foundation. 

Referring  next  to  the  clinker  from  the  rotary  kiln,  this 
is  generally  conveyed  to  the  grinding  machinery  by 
mechanical  methods,  usually  by  one  of  the  well-known 
types  of  tray  conveyor.  In  contradistinction  to  the  clinker 
from  the  vertical  intermittent  or  continuous  kiln,  which  may 
be  in  lumps  of  anything  from  a  foot  diameter  downwards, 
the  clinker  from  the  rotary  kiln  more  resembles  marbles 
in  shape,  caused  by  the  material  rolling  round  inside  the 
kiln  while  in  a  semi-molten  condition.  It  will  be  readily 
understood  that  such  material  does  not  require  passing 
through  crushers  of  the  type  required  for  vertical  kiln 
clinker,  although  it  is  sometimes  found  desirable  to  run  it 
through  a  pair  of  crushing  rolls,  to  reduce  any  large  balls 
that  may  be  present  It  is  therefore  generally  conveyed 
by  a  shaking  or  tray  conveyor  direct  from  the  cooler  to 
the  elevator,  which  delivers  it  either  to  the  clinker  store  or 
to  the  hoppers  over  the  grinding  machinery.  Another 
method  of  eliminating  the  large  balls  of  clinker,  which  are 
too  large  to  be  fed  into  the  grinding  machinery,  is  to 
provide  the  end  of  the  cooling  drum  with  a  grid  or  coarse 
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sieve,  which  allows  the  finer  material  to  fall  through  to 
the  conveyor,  while  the  large  balls  are  carried  forward  to 
the  extreme  end  of  the  cooler,  and  fall  into  a  special  recep- 
tacle, to  be  subsequently  dealt  with. 

The  original  and,  until  the  last  decade  or  two,  the  only 
satisfactory  method  of  grinding  cement,  was  by  means  of 
the  ordinary  4  feet  6  inches  millstones  of  the  usual  bedstone 
and  runner  type,  built  up  of  specially  selected  French  burrs. 
They  have  now,  however,  become  practically  obsolete  for 
this  purpose,  and  in  all  modern  factories  have  been  entirely 
superseded  by  less  expensive  methods  of  clinker  reduction. 
Since  for  the  first  forty  years  or  so  of  the  cement  industry 
they  were  the  only  mills  used  for  the  purpose,  the  illustra- 
tions in  fig.  25  of  a  pair  of  these  stones,  reduced  from  a 
working  drawing  made  in  our  drawing  office  in  the  early 
'eighties,  may  be  of  interest,  though  perhaps  chiefly  of  a 
historical  nature. 

Millstones  being  extremely  expensive  as  regards  wear 
and  tear,  and,  moreover,  requiring  continual  dressing,  many 
methods  of  grinding  cement  were  tried  before  an  efficient 
substitute  could  be  found.  Previous  to  1890  they  were  the 
standard  method  of  grinding ;  but  about  that  time  various 
kinds  of  edge-runner  niills  began  to  gradually  find  their 
way  into  the  market  with  more  or  less  success.  The 
original  variety  of  edge-runner  used  in  this  country  was  the 
Dutrulle  &  Solomon's,  which  consisted  of  four  heavy  rollers 
or  edge-runners  about  5  feet  diameter  and  18  inches  face, 
rolling  vertically  on  a  circular  horizontal  path,  somewhat 
similar  to  an  ordinary  mortar  mill,  except  that  the  bed  or 
path  was  stationary,  and  the  rollers  were  made  to  travel 
round  it.  The  next  variety  was  Neate's  dynamic  grinder, 
which  was  similar  to  the  Dutrulle  mill,  with  this  essential 
difference,  that  instead  of  the  roller  being  vertical  and  the 
path  consequently  horizontal,  both  path  and  roller  were 


128  Portland  Cement  Manufacture 

tilted  inwards  at  a  considerable  angle,  so  that,  in  addition  to 


the  crushing  weight  of  the  rollers,  a  certain  amount  of  centri- 
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fugal  force  was  exerted  by  their  outward  thrust  These  mills 
were  made  either  with  four  large  5  feet  rollers  as  a  separate 
machine,  or  with  three  small  2  feet  6  inches  rollers  to  fit  an 
ordinary  4feet  6  inches  millstone  hurst,in  the  place  of  the  then 
almost  universal  French  burrs.  A  further  variety  of  edge- 
runner  mill  was  Duffield  &  Taylor's  patent,  which  differed 
from  the  usual  edge-runner  type,  in  that  the  bed  of  the 
mill  revolved  in  the  same  way  as  an  ordinary  mortar  mill, 
while  the  rollers  ran  in  specially  designed  stationary 
bearings.  The  essential  feature  of  this  mill  was  that,  by 
means  of  a  cam  action  on  the  driving  shaft,  the  runners 
were  made  to  work  to  and  fro  laterally,  by  which  it  was 
claimed  that  a  crushing  action,  more  nearly  resembling  mill- 
stones, was  imparted  to  them.  This  mill  was  also  made  in 
two  sizes,  the  large  size  for  separate  erection,  and  a  smaller 
size  to  fit  an  ordinary  mill  hurst  in  the  place  of  millstones. 
A  type  of  edge-runner  which  at  a  still  later  period  seemed 
to  have  gained  considerable  favour  among  manufacturers 
in  the  Thames  and  Medway  district,  was  Freeman's  patent 
hydraulic  pressure  grinder,  manufactured  by  Messrs 
Aveling  &  Porter,  of  steam-roller  fame.  With  these  mills 
small  diameter  rolls  were  used,  and  pressure  was  applied 
to  them  by  hydraulic  means.  Three  rollers,  about  2  feet  in 
diameter  and  10  inches  wide,  were  carried  in  a  massive 
cast-iron  revolving  frame,  the  whole  revolving  on  a  chilled 
cast-iron  bed-plate.  A  hydraulic  ram  was  arranged  at  the 
top  of  the  machine,  by  which  pressure  was  applied. 

With  all  mills  of  the  edge-runner  description,  the  chief 
wearing  parts  were  the  rims  or  tires  of  the  rolls,  and,  unless 
the  material  was  specially  good,  hollow  and  uneven  places 
quickly  made  their  appearance  in  the  surface  of  the  rims, 
with  corresponding  diminution  of  efficiency. 

Another  feature  of  the  edge-runner  type  of  mill  was 
that  they  were  practically   useless  without  an    efficient 
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sieving  arrangement  as  part  of  their  equipment,  and  too 
frequently  the  sifting  was  carried  to  excess.  Although  the 
use  of  sieves  or  separators  in  the  manufacture  of  cement  is 
very  economical  as  regards  output,  and  wear  and  tear  of 
the  grinding  machinery,  care  must  be  taken  that  the  proper 
amount  of  flouring  is  done  by  the  latter.  It  is  possible,  by 
excessive  sieving,  to  have  a  cement  which  will  all  pass 
through  a  certain  sieve,  or  show  not  more  than  the  specified 
residue  on  the  usual  testing  sieve,  and  yet  contain  little  or 
none  of  the  essential  flour  or  impalpable  powder,  the  clinker 
having  been  simply  cracked  till  it  was  fine  enough  to  pass 
a  certain  sieve.  A  practical  illustration  of  this  fact, 
familiar,  no  doubt,  to  those  who  have  tried  to  make  cement 
in  a  small  experimental  way,  may  be  obtained  by  pound- 
ing some  clinker  with  a  pestle  and  mortar,  with  frequent 
sifting,  and  comparing  the  powder  thus  produced  with 
that  from  the  same  clinker  properly  pulverised  in  an 
efiicient  grinding  machine.  It  will  be  found  that  the  latter 
contains  a  much  larger  proportion  of  flour  or  impalpable 
powder  than  the  former,  and  gives  infinitely  better  results 
when  tested  for  strength  in  the  ordinary  way,  more 
especially  as  a  3 — i  sand-cement  mortar.  This  is  just 
where  many  of  the  edge-runner  mills  failed,  Le,^  in  the 
efiicient  flouring  of  the  cement  They  depended  too  much 
on  their  sieves ;  the  clinker  was  passed  under  the  rollers 
and  cracked  slightly,  and  then  passed  up  to  the  sieves; 
any  that  was  cracked  fine  enough  to  pass  the  sieves  went 
forward  to  the  warehouse,  the  remainder  being  returned  to 
the  mills  to  be  cracked  again,  and  so  on  da  capo^  the 
material  often  passing  under  the  rollers  ten  to  twenty  times 
before  the  process  was  completed.  As  an  instance  of  this 
fact,  the  author  was  once  assured  by  one  firm  of  manu- 
facturers, who  had  tried  mills  of  the  edge-runner  type,  that 
they  had    carefully  measured  the    amount    of   material 
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passing  from  them  up  the  elevators,  and  calculated  that 
for  every  two  tons  of  material  that  went  forward  to  the 
warehouse,  no  less  than  fifty  tons  passed  over  the  elevators, 
indicating  that  the  material  passed  under  the  edge-runner 
as  many  as  twenty-five  times  altogether;  they  further 
stated  that  the  renewals  of  the  gauze  of  the  sieves  under 
these  conditions  cost  no  less  than  ij^d.  per  ton  of  cement 
ground,  which  is  not  surprising  under  the  circumstances. 
This  was,  no  doubt,  a  very  much  exaggerated  case,  the 
result  more  likely  being  due  to  want  of  proper  feeding  and 
adjustment  of  the  machine,  but  it  is  given  for  what  it  is 
worth. 

It  is  the  usual  practice  to  arrange  millstones  on  a  line 
shaft  coupled  direct  to  the  engine,  the  elevators,  sieves,  and 
other  machinery  being  driven  from  lay-shafts.  As  will  be 
seen  from  the  illustration,  the  stones  are  driven  by  powerful 
bevel  gearing  direct  from  the  line  shaft,  the  gearing  being 
so  arranged  that  the  stones  run  at  about  1 50  revolutions 
per  minute.  It  may  be  mentioned  here  that,  although  it 
is  economical  so  far  as  first  cost  of  engine,  and  consumption 
of  fuel  and  horse-power  are  concerned,  to  arrange  the  whole 
of  the  machinery  to  be  driven  by  one  large  engine,  it  is 
not  always  economical  in  actual  working,  as  in  case  of  a 
breakdown  in  any  one  part  of  the  machinery,  the  whole  of 
the  works  would  be  stopped  until  the  damage  was  made 
good,  or  until  the  damaged  portion  could  be  disconnected 
from  the  rest  of  the  machinery.  This  often  means  serious 
delay  and  consequent  retardation  of  the  output,  and  it  is, 
therefore,  better  to  subdivide  the  engine  power  so  as  to 
avoid  such  a  contingency.  For  instance,  in  case  of  a 
breakdown  in  the  grinding  mills,  the  crushers  and  elevators 
also  being  stopped,  the  drawing  of  the  kilns  would  be 
delayed,  and  consequently  their  output  retarded,  unless 
the  clinker  was  temporarily  stored,  which  would  entail 
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extra  expense  in  again  handling  to  be  brought  to  the 
crushers.  Now,  if  the  crushers  and  rough  clinker  elevators 
were  driven  by  a  small  subsidiary  engine,  the  drawing  of 
the  kilns  would  not  be  interrupted  by  a  breakdown  of  the 
other  machinery,  and  if  plenty  of  hopper  room  were  pro- 
vided, the  clinker  would  thus  be  safely  disposed  of  Stor- 
ing clinker  in  sheds  or  similar  buildings  is  unsatisfactory 
at  the  best  of  times,  as  it  is  always  liable  to  get  more  or 
less  damaged,  to  say  nothing  of  the  extra  cost  of  twice 
handling.  In  the  same  way,  stoppage  of  the  clinker  mills 
would  also  entail  stoppage  of  the  wash-mills,  with  conse- 
quent waste  of  time  and  loss  of  output,  and  although  there 
are  one  or  two  moderate-sized  works  where  both  wet  and 
dry  mills  are  driven  from  one  large  engine,  it  is  more  usual 
to  provide  separate  engine  power  for  each.  For  the  reasons 
previously  stated,  and  from  his  experience  of  the  serious 
delays  often  incurred,  the  author  would  go  further,  and 
provide  a  small  subsidiary  engine  for  the  crushers  and 
rough  clinker  elevators  as  above  suggested. 

As  the  powder  leaves  the  grinding  mills,  it  falls  into  a 
conveyor,  which  carries  it  to  the  elevator  leading  to  the 
sieves,  which  are  generally  placed  at  the  top  of  the  building. 
The  elevator  used  for  raising  the  unsifted  powder  to  the 
sieves  is  of  the  usual  bucket  and  belt  description,  shown  in 
fig.  26,  though,  of  course,  it  need  not  be  so  heavy  as  that 
used  for  raising  clinker.  These  elevators  are  generally 
enclosed  in  a  wooden  framing,  boarded  up  as  shown  in  the 
sketch,  so  as  to  confine  the  dust  within  them  as  much  as 
possible,  as  there  is  always  a  small  amount  of  the  substance 
which,  in  falling  out  of  the  buckets,  misses  the  shoot  at  the 
top  and  drops  back  down  the  elevator  casing.  In  a 
German  type  of  elevator,  which  the  author  once  had  under 
his  charge,  there  was  a  separate  metal  casing  provided  for 
both  up  and  down  buckets,  the  casing  being  only  just  large 
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enough  in  section  to  allow  of  the  passage  of  the  belt  and 
buckets.     The  elevator,  consequently,  had  to  be  perfectly 
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Fig.  i6. 
vertical,  instead  of  being  inclined  at  a  slight  angle  as  is 
the  usual  English  custom.    This  arrangement  of  casing 
was  found  to  be  veiy  awkward  in  the  event  of  the  bucket* 
belt  breaking,  as,  the  casing  being  so  small  and  inaccessible, 
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some  considerable  difficulty  was  always 
experienced  in  fishing  up,  for  splicing 
purposes,  the  broken  end,  which  natur- 
ally always  fell  to  the  bottom.  In  the 
matter  of  accessibility,  the  English  type, 
with  a  roomy  wooden  casing,  as  shown 
in  the  sketch,  is  much  preferable. 

From  the  elevator,  the  cement  falls 
into  a  shoot  leading  to  the  sieve,  which 
eliminates  those  particles  which  are  in- 
sufficiently ground,  the  latter  returning 
by  convenient  shoots  to  the  mills  to  be 
further  reduced,  while  the  fine  flour 
which  passes  the  sieves  is  conveyed  by 
band  or  other  conveyors  to  the  ware- 
house, and  by  means  of  suitable  open- 
«  ings  in  the  conveyor  trough,  deposited 
2  in  the  required  bin.  The  conveyors 
generally  used  for  conveying  the  unsifted 
cement  from  the  grinding  machinery  to 
the  sieve  elevators,  and  also  for  deliver- 
ing the  sifted  cement  from  the  sieves 
to  the  warehouse,  are  of  the  spiral  or 
Archimedean  screw  type,  revolving  in 
a  suitable  trough,  as  shown  in  fig.  27. 
Band  conveyors,  i>.  a  broad  band  run- 
ning on  rollers,  are  sometimes  used  for 
this  purpose,  and  so  far  as  consump- 
tion of  horse-power  is  concerned,  are 
decidedly  economical,  though  they  take 
a  good  deal  more  maintaining  and 
keeping  in  order  than  the  spiral  type. 
For  conveying  the  cement  from  mill- 
stones, or  any  machine  by  which  its 


Dry  Mills  and  Warehoiises  135 

temperature  is  materially  raised,  to  the  sieve  elevators, 
band  conveyors  are  not  so  suitable,  as  contact  with  the  hot 
cement  causes  them  to  get  out  of  order  very  rapidly. 

The  sieves  used  for  sifting  cement  are  of  various  kinds 
and  shapes,  but  it  will  be  found  that  the  hexagonal  re- 
volving type,  as  shown  tn  longitudinal  and  cross  section  in 


figs.  38  and  29,  gives  very  good  results.  The  roughly- 
ground  material  is  fed  in  at  the  upper  end,  and  the  sieve 
sloping  at  a  slight  angle,  it  travels  slowly  towards  the 
lower  end,  the  finer  particles  passing  through  the  meshes 
en  route,  so  that  by  the  time  the  bottom  is  reached,  little 
or  nothing  but  the  core  of  coarse  particles  remains,  and 
these  fall  out  into  a  shoot  to  be  returned  to  the  mills. 
On  the  arms  of  the  sieve  are  placed  loose  sliding  balls  of 


I3« 
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cast  iron  (see  detail  of  hub,  fig.  30),  so  that  as  the  sieves 
revolve,  these  balls  fall  from  the  hub  to  the  outer  end  of  the 
arm  and  vice  versd ;  this  imparts  a  jarring  action  to  the 
sieve,  which  greatly  assists  in  keeping  the  meshes  clear,  and 
facilitates  the  passage  of  the  fine  powder  through  it.  To 
prevent  the  jar  being  too  severe,  a  rubber  washer  is  placed 
at  each  end  of  the  arm,  which  softens  the  fall,  and  prevents 


SECTION      A. 6. 

Fio.  39, 
any  damage  being  done  by  excessive  vibration.  In  some 
works  a  square  revolving  sieve  is  used  of  somewhat  similar 
design,  and  some  manufacturers  prefer  a  circular  revolving 
one ;  of  these  latter  types  the  author  has  had  no  experience, 
and  therefore  cannot  speak  definitely,  though  he  believes 
such  sieves  have  given  satisfaction.  For  use  with  edge- 
runners  and  similar  mills,  where  a  large  quantity  of  coarse 
particles  and  fairly  large  pieces  of  clinker  have  to  be  dealt 
with,  it  is  usual  to  arrange  two  sieves  on  the  one  frame,  one 


Dry  Mills  and  Warehouses 


"^Zl 


within  the  other,  the  inner  one  being  composed  of  a  per- 
forated steel  plate,  which  retains  the  coarser  and  heavier 
particles,  and  only  allows  the  moderately  fine  material  to 
pass  to  the  outer  gauze  or  wire  cloth,  thereby  reducing  the 
wear  and  tear,  and  greatly  prolonging  the  life  of  the  latter. 
In  one  works  with  which  the  author  was  connected,  a 
German  type  of  sieve  was  used,  which  consisted  of  a  sloping 


detail  op  nub. 
Fig.  30. 

frame  about  8  feet  long  and  i  foot  6  inches  wide,  hinged  at 
the  upper  end  ;  two  renewable  wooden  blocks  fixed  under- 
neath the  lower  end  of  this  frame  rested  on  toothed  wheels 
or  beaters,  similar  to  a  couple  of  ratchet  wheels,  revolv- 
ing on  a  horizontal  shaft,  by  means  of  which  a  jarring 
motion  was  given  to  the  frame.  The  cement  was  fed  in  at 
the  top  and  ran  down  the  surface  of  the  slope,  the  fine 
particles  which  passed  through  the  sieve  being  conveyed  to 
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the  warehouse,  and  the  core  returned  to  the  stones  in  the 
ordinary  way.  This  type  of  sieve  is  very  convenient,  as  it 
can  at  all  times  be  inspected,  and  the  gauze  being  fitted 
into  a  separate  movable  frame,  the  working  part  of  the 
sieve  can  be  easily  removed  for  cleaning  purposes,  and  if 
necessary  a  fresh  one  put  in  its  place  in  the  meantime.  The 
main  objection  to  these  sieves  is,  that  the  powder  has  a 
tendency  to  converge,  and  run  in  a  thick  stream  down  the 
centre  of  the  slope,  the  result  being  that  the  only  part  of  the 
sieve  doing  effectual  work  is  the  three  or  four  inches  in  the 
centre,  and  unless  carefully  watched  as  to  feed,  the  cement 
is  not  thoroughly  sifted,  the  core  returning  to  the  mills, 
which  should  be  perfectly  clean,  containing  a  large  propor- 
tion of  flour  and  finer  particles. 

The  Askham  Air  Separator  (Mumford  &  Moodie's 
patent),  of  which  a  sectional  illustration  is  given  in  fig.  31, 
has  lately  come  into  considerable  use  in  cement  works, 
more  especially  when  a  very  fine  cement  is  required,  and 
consequently  the  fine  gauze  of  the  ordinary  sieve  is  apt  to 
cl<^  and  cause  trouble.  The  machine  consists  of  a  funnel- 
shaped  casing,  within  which  is  a  second  funnel  with  an 
annular  space  between  the  two.  As  its  name  suggests, 
the  separation  is  effected  by  a  current  of  air,  which  is 
produced  by  a  fan  of  special  design  F  F,  revolving  in  the 
upper  or  cylindrical  part  of  the  casing.  The  cement  is  fed 
into  the  cone  G,  and  falling  on  to  the  rotating  disc  E, 
is  thrown  in  a  thin  stream  all  round  towards  the  fixed 
hood  D.  The  current  induced  by  the  fan  passes  upwards 
and  outwards  between  the  fan  blades,  carrying  with  it  the 
finer  particles,  which  are  thrown  into  the  outer  casing  A  and 
fall  out  at  the  bottom  for  conveyance  to  the  warehouse.  The 
coarse  particles,  which  are  too  heavy  to  be  lifted  by  the 
current  of  air,  fall  into  the  casing  B,  whence  they  return  by 
the  branch  pipes  ^  ^  to  the  mills  for  further  reduction.    The 
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carrent  of  air  returas  through  the  opening  O  in  the  direc- 
tion of  the  arrows,  the  same  air  being  used  over  and  over 
again.  The  degree  of  fineness  of  the  separated  material 
is  regulated  by  the  speed  at  which  the  fan  is  made  to  re- 
volve, and  also  by  the  partial  closing  of  the  opening  O  by 


Fig.  31. 

means  of  the  damper  C,  which  is  raised  and  lowered  by 
the  handle/ actuating  the  arms  h  h,  thus  interrupting  the 
current  of  air. 

Reverting  now  to  methods  of  clinker  reduction  other  than 
the  original  millstones  and  the  subsequent  edge  runner 
types,  the  Griffin  mill,  of  which  an  illustration  is  given  in 
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fig.  32,  is  a  grinding  machine  which  has  played  a  consider- 
able part  in  the  cement  industry  during  the  last  decade  or 
two,  being  largely  used  for  grinding  coal  and  limestone,  as 


Fig.  32, 

well  as  clinker;  although,  in  common  with  all  other  types 
of  grinding  machinery,  it  has  both  its  advocates  and 
detractors.  This  mill  essentially  consists  of  a  small 
crushing  roll,  working  by  centrifugal  force  against  a  ring 
or  die.    The  crushing  roll  is  rigidly  attached  to  the  lower 
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extremity  of  a  shaft,  suspended  vertically  from  a  universal 
ball-joint  specially  arranged  within  the  pulley  from  which 
the  machine  is  driven ;  to  this  ball-joint  are  attached 
trunnions,  which  work  in  half  boxes,  and  slide  up  and 
down  recesses  in  the  pulley  head  case,  so  that  the  crushing 
roll  is  free  to  swing  in  any  direction  within  the  casing.  To 
the  bottom  of  the  roll  is  attached  a  series  of  ploughs  or 
stirrers,  so  that  when  the  pan  below  contains  sufficient 
material  to  come  into  contact  with  these  ploughs,  it  is 
violently  stirred  up  and  thrown  between  the  crushing  roll 
and  die.  Attached  to  the  shaft  above  the  crushing  roll  is 
a  fan,  which  assists  in  keeping  the  particles  in  motion,  and 
drives  them  up  against  the  circular  sieve  or  screen  arranged 
above  the  die.  Those  particles  which  are  fine  enough  to 
pass  the  sieve,  drop  down  through  the  discharge  aperture 
to  the  conveyor  below,  to  be  conveyed  to  the  warehouse, 
while  the  insufficiently  reduced  particles  fall  back  into  the 
pan  at  the  bottom,  to  be  again  stirred  up  by  the  plough 
and  passed  beneath  the  crushing  roll.  The  diameter  of 
the  ring,  or  die  is  30  inches,  and  of  the  roll  18  inches,  while 
the  pulley  speed  is  200  revolutions  per  minute,  by  which 
the  makers  claim  that  a  pressure  of  6000  lbs.  is  exercised 
against  the  die.  Should  a  piece  of  iron  or  other  irreduc- 
ible material  get  into  the  mill  by  accident,  the  crushing 
roll  being  free  to  swing  in  every  direction  by  means  of  the 
special  bearing  arrangement,  would  simply  pass  over  the 
obstruction  without  causing  any  damsige  to  the  machine. 
The  author  has  had  an  opportunity  of  inspecting  several 
installations  of  these  mills  which  are  successfully  working 
in  this  country,  and,  judging  from  testimonial  letters,  they 
have  also  acquired  considerable  popularity  on  the  continent 
as  well  as  in  America,  the  land  of  their  origin.  Their 
principal  success  here  seems  to  have  been  with  rotary  kiln 
clinker,  which  is  generally  more  difficult  to  grind  than  that 
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produced  by  the  earlier  types  of  kiln,  so  much  so 
that  in  many  instances  the  grinding  plants  ordinarily 
used  for  the  latter  have  proved  quite  inadequate  for 
rotary  clinker. 

.A  later  development  of  this  type  of  mill  is  the  Giant 
Griffin,  illustrated  by  a  sectional  elevation  in  fig.  33,  in 
which  the  diameter  of  the  crushing  ring  or  die  is  40  inches, 
and  the  diameter  of  the  roll  24  inches.  It  employs  the 
same  principle  of  grinding,  and  is  built  on  the  same  general 
lines  as  the  previously  described  smaller  30-inch  mill,  but 
it  is  a  very  much  heavier  and  more  powerful  machine,  and 
in  it  are  embodied  several  improved  details  of  construction 
suggested  by  many  years'  experience  with  the  lighter  type. 
The  complete  machine  weighs  about  13  tons,  and  is  very 
heavily  and  strongly  built,  the  base  of  the  mill  alone 
weighing  some  7  tons.  One  chief  difference  between  this 
and  the  earlier  30-inch  mill,  is  that  the  framework  is  of 
angle  iron,  thoroughly  bolted  and  riveted  together,  which 
is  found  to  give  much  more  satisfactory  results  than  either 
the  cast  iron  or  composite  frames  used  on  the  smaller  mills. 
The  makers  claim  that  it  will  take  clinker  of  ij^  inch 
diameter,  or  practically  the  same  as  it  comes  from  the 
rotary  kilns,  and,  without  any  auxiliary  apparatus,  give  a 
finished  product  of  which  from  85  to  87  per  cent  will 
pass  a  200  mesh  sieve. 

For  this  mill  the  makers  claim  the  following  outputs : — 

Rotary  Clinker,     2-2^  tons  per  hour,  i$%  on  a  180  sieve,  with  60 

B.H.P. 

Ordinary  Clinker,  3-3J  „  „  „ 

Raw  Materials,      4-6  „  „  „ 

Coal,  4-6  „  >i  >» 

As  before  stated,  there  seems  to  be  considerable  differ- 
ence of  opinion  amongst  cement  manufacturers  as  to  the 
efficiency  of  the  Griffin  mill   for  cement  grinding,  but 
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for  grinding  coal  its  popularity  and  efficiency  appears  to 
be  unquestioned,  while  the  horse-power  per  ton  ground  is 
certainly  a  favourable  feature. 

The  Bradley  three-roll  mill  is  a  centrifugal  mill  for 
grinding  clinker  and  other  hard  materials,  manufactured 
by  the  same  firm  as  the  Griffin  mill.  The  principle  of 
grinding,  as  will  be  seen  from  a  sectional  illustration 
fig.  34,  is  that  of  three  rolls  revolving  in  and  against  an 
annular  ring  or  die,  against  which  the  material  is  crushed 
by  the  centrifugal  action  of  the  rolls.  The  crushing  rolls 
are  i6  inches  in  diameter,  and  the  internal  diameter  of  the 
die  or  ring  against  which  they  run  is  4  feet  6  inches.  They 
are  driven  from  a  central,  vertical  spindle,  and  by  a  special 
device  they  are  so  arranged  that  they  have  a  tendency  to 
rise  while  running,  thus  relieving  the  bearings  of  a  con- 
siderable proportion  of  weight,  and  also  lessening  the 
friction.  These  mills  are  spoken  of  very  highly  by  some 
manufacturers,  more  especially  for  coal  grinding,  for  which 
they  seem  particularly  adapted;  the  makers  claim  for 
them  the  following  output,  the  power  required  in  each 
case  being  about  40  B.H.P : — 

Schneider  Kihi  )    .      ,    ,  ,        ^  0/  o      • 

^,.  ,      >  about  X  tons  per  hour  to  12-14%  on  a  180  sieve. 
Cement  Cimker  J  ^         ^  ^^** 


»l  ))  s* 


Limestone  and  Clay,  3J-5 

Coal,  3i-4  )»         to      3-4%  on  a  100  sieve. 

For  the  harder  rotary  kiln  clinker  the  manufacturers, 
however,  recommend  either  the  Griffin  or  Giant  Griffin 
mill  previously  described. 

The  method  of  clinker  pulverisation  which  appears  to 
be  fast  becoming  the  standard  method,  at  all  events  in  this 
country,  is  some  variety  of  the  ball  mill  principle,  as  a 
means  of  primary  reduction,  followed  by  treatment  in  a 
tube   mill   to   complete    the   pulverisation    and    flouring. 
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Figs.  3S  ^nd  36  show  in  longitudinal  and  cross  section, 


the  original^ cylindrical  ball  mill  first  introduced  into  this 
country  some  fifteen  years  ago  by  Messrs  Knipp.    As  will 
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be  seen  from  the  illustrations,  it  consists  of  a  revolving 

cylindrical  chamber,  divided  up  into  segments  with  inclined 

steps.     Rolling  round   the  cylinder  as  it  revolves,  are  a 

number  of  steel  balls  of  various  sizes,  between  which  the 

clinker  is  crushed  and  pulverised,  and  their  crushing  and 

disintegrating  power  is  further  increased  by  their  continual 

falling  over  the  steps  as  shown.    The  path  on  which  these 

balls  travel  is  composed  of  specially-prepared  hard  metal, 

and  is  perforated,  so  that  when  the  clinker  is  sufficiently 

reduced,  it  passes  through  the  perforation  and  falls  first  on 

to  a  perforated  steel  plate,  which  removes  the  coarser  grit, 

and  thence  again  on  to  a  wire  gauze  of  finer  mesh ;  the 

material  retained  by  the  perforated  plate  and  the  sieve  is 

automatically  returned  to  the  interior  of  the  cylinder  for 

further  reduction. 

This  mill  was  originally  designed  and  used  to  complete 

the  pulverising  process,  in  which  case  the  outer  wire  gauze 

was  fairly  fine,  and  the  material  passing  it  was  conveyed 

direct  to  the  warehouse ;  it  is  now,  however,  used  chiefly 

as  a  means  of  primary  reduction,  the  clinker  only  being 

reduced  to  about  -^-inch  prior  to  final  treatment  in  a 

tube  mill,  or  as  the  French  very  properly  term  it,  a  "  tube 

finisseur."      When   used   as  the  final   grinding  machine, 

before  the  subsequent  introduction  of  the  tube  mill,  the 

pulverisation  of  the  finished  product  frequently  left  a  good 

deal  to  be  desired  in  the  matter  of  impalpable  powder  or 

flour;   for  the  reasons   given   on   page    130  the  clinker 

was  too  frequently  only  just  cracked  sufficiently  fine  to 

pass  the  outer  sieve  of  the  machine,  and  was  consequently 

somewhat  rough  and  gritty,  compared  with  the  properly 

pulverised  product.     Used,  however,  as  a  means  of  primary 

reduction,  the  ball  mill,  in  one  or  other  of  its  modifications, 

is  probably  one  of  the  best  machines  for  the  purpose  at 

present  on  the  market. 

L  2 
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Fig.  37  shows  another  machine  known  as  the  cruahing 
tube  mill,  for  preliminary  reduction  of  the  clinker  to  the 


grit  stage,  before  being  fed  into  the  tube  mill  for  final 
pulverisation.  As  its  name  suggests,  it  is  somewhat 
sintilar  in  principle  to  the  "  tube  finisseur,"  described  in  the 
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following  pages,  except  that  it  has  a  short  drum  of  com- 
paratively large  dia- 
meter. It  will  take 
material  upto2  inches 
diameter,  and  is  very 
suitable  for  the  pre- 
liminary treatment  of 
rotary  kilnclinker.the 
crushing  action  being 
provided  by  heavy 
steel  balls  cascading 
around  inside  it.  The 
author's  experience  of 
,  it  is  that  it  performsits 
work  well  and  effici- 
ently, and  it  compares 

very  favourably  with  ^ 

the  ordinary  ball  mill 

as  a  means  of  primary  £ 

reduction,  since  there 
are  no  sieves  or  per- 
forated plates  to  re- 
quire periodical  atten- 
tion and  renewal. 

The  tube  mill  or 
"  tube  finisseur,"  of 
which  an  illustration 
is  given  in  fig.  38, 
was  first  introduced 
into  this  country  some 
fifteen  years  ago ;  as 
its  name  suggests,  it 
is  a  finishing  mill 
only,     designed      to 
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complete  the  pulverisation  of  material  which  has  been 
previously  roughly  ground,  generally  so  as  to  all  pass  a  ^- 
inch  sieve.  As  will  be  seen  from  the  illustration,  it  consists 
of  a  long  iron  cylinder,  supported  on  suitable  bearings 
at  each  end,  and  half  filled  either  with  specially  selected 
flint  pebbles  or  with  steel  balls.  According  to  the  output 
required,  the  length  of  the  mill  ranges  from  about  15  to 
30  feet,  and  its  diameter  from  3  feet  6  inches  to  6  feet 
It  is  made  to  rotate  at  about  25  to  30  revolutions  per 
minute,  and  the  cascading  of  the  flints  or  balls  one 
upon  another,  as  the  mill  revolves,  subjects  the  coarse 
grit  to  a  pounding  action,  which  completes  the  pulverisa- 
tion. The  feed  is  generally  effected  through  the  hollow 
trunnion  at  the  inlet  end,  and  by  means  of  a  screw 
the  feed  can  be  varied  to  any  required  degree;  the 
mill  being  in  a  perfectly  horizontal  position,  the  material 
travels  to  the  outlet  end  by  gravitation,  and  therefore  the 
time  it  occupies  in  passing  through  the  mill,  and  conse- 
quently the  fineness  to  which  it  is  reduced,  depends  entirely 
upon  the  amount  of  material  fed  through  it,  i,e,  the  fine- 
ness can  be  reduced  to  any  desired  degree  by  reducing  the 
amount  fed  in.  The  lining  of  the  tube  or  cylinder  is  com- 
posed either  of  renewable  steel  strips,  or  of  specially  pre- 
pared quartzite  blocks,  set  in  a  sort  of  cement,  also  specially 
prepared  for  the  purpose.  It  will  be  readily  understood 
that  practically  the  only  wearing  parts  of  the  mill,  are  the 
lining  of  the  tube  and  the  flint  pebbles  or  steel  balls,  which 
cascade  around  inside  it,  and  thus,  of  course,  require 
renewing  from  time  to  time.  Although  millstones  are 
now  practically  obsolete,  tube  mills  were  originally  used 
in  this  country  in  conjunction  with  them,  and,  as  an 
auxiliary  to  an  already  existing  millstone  plant,  they 
were  especially  valuable,  since  they  relieved  the  stones  of 
the  most  trying  and  expensive  part  of  their  duty,  it,  the 
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final  reduction  and  flouring  of  the  cement.  It  will  be 
readily  understood  that  when  the  stones  only  had  to 
reduce  the  material  roughly,  they  could  be  allowed  to 
run  .comparatively  light,  and  therefore  did  not  require 
such  frequent  dressing,  their  useful  life  being  consequently 
greatly  prolonged. 

As  mentioned  on  page  115,  cement  produced  from 
rotary  kiln  clinker  is  extremely  quick  setting,  rendering  it 
absolutely  necessary  to  have  recourse  to  some  artificial 
method  of  regulating  the  setting.  The  tube  mill  particu- 
larly lends  itself  to  one  of  these  methods,  now  generally 
known  as  Bamber's  patent,  which  consists  of  admitting 
steam  into  the  mill  through  the  trunnion  at  the  feed  end, 
at  varying  pressures  according  to  the  degree  of  slowness  of 
setting  required,  i.e.  the  greater  the  pressure  and  thus  the 
more  steam  admitted,  the  slower  setting  the  resulting 
cement  By  a  special  arrangement  of  steam  gauges,  the 
pressure,  and  thus  the  quantity  of  steam  entering  the  mill, 
can  be  controlled  with  great  exactitude,  and  consequently 
the  setting  time  regulated  to  any  desired  degree  of  slow- 
ness. The  author  had  an  opportunity  of  inspecting  this 
process  some  little  time  ago,  when  steam  at  1 5  lbs.  pressure 
was  being  used  through  a  ^-inch  flexible  pipe,  and  in 
spite  of  the  somewhat  large  quantities  of  steam  some- 
times admitted,  there  was  none  visible  at  the  outlet  end  of 
the  mill,  and  only  a  slight  dampness  noticeable,  showing 
that  all  the  steam  had  been  absorbed  by  the  cement. 
Another  modification  of  the  steam  principle  of  regulating 
setting,  is  to  admit  water  into  the  tube  mill  in  the  same 
way,  in  place  of  steam  ;  owing  to  the  heat  generated  by 
the  grinding  process,  this  water  is  doubtless  quickly 
vaporised  into  steam,  but  it  seems  reasonable  to  assume 
that,  when  steam  is  admitted  in  the  first  instance,  it  would 
be  more  evenly  distributed  among  the  contents  of  the  mill 
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than  water,  which  first 
has  to  be  vaporised. 

Several  modifica- 
tions of  ball  mills  and 
tube  mills  are  made 
by  various  manufac- 
turers, though  the 
essential  principles 
are  the  same  as  those 
previously  described. 
There  are  also  several 
mills  on  the  market 
combining  the  ball 
mill  and  tube  mill  in 
one  machine.  Fig.  39 
gives  a  sectional  illus- 
^  tration  of  the  Molitor 
6  compound  mill  made 
by  Messrs  I^hnert  of 
Brombei^.  As  will  be 
seen  from  the  illustra- 
tion, it  virtually  con- 
sists of  a  tube  mill 
joined  on  to  a  ball 
mill.  Only  the  feed 
end,  however,  is  sup- 
ported by  the  usual 
hollow  trunnion,  the 
lower  part  of  the  mill 
being  supported  by  a 
cast-steel  roller  bear- 
ing, with  removable 
and  exchangeable 
tires.  The  material  to 
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be  ground  is  fed  through  the  hollow  trunnion  in  the  ordinary 
way,  and  in  the  first  part  of  the  mill  is  acted  upon  by  a 
number  of  steel  balls  of  varying  sizes,  by  which  it  is  reduced 
to  a  grit  by  the  time  it  reaches  the  division  between  the  two 
portions  of  the  mill.  Here  it  falls  out  on  to  a  steel  plate 
provided  with  suitable  apertures,  which  only  allows  the 
sufficiently  reduced  material  to  pass,  the  residue  being 
returned  to  the  ball  mill  part  for  further  reduction.  The 
material  which  passes  the  openings  in  the  steel  plate  is 
carried  forward  into  the  ball  mill  portion  for  further 
reduction.  The  ball  mill  part  of  the  machine  is  lined 
with  hard  armour  plating,  and  the  tube  mill  with 
specially  prepared  quartzite  material,  and  the  makers 
claim  that  both  linings  will  last  a  considerable  period 
without  attention  or  renewing. 

Another  mill  of  somewhat  similar  principles  is  the  Solo 
mill  made  by  Messrs  Polysius,  of  which  an  illustration  is 
given  in  fig.  40.  The  chief  difference,  however,  between  this 
mill  and  the  Molitor  is  that  the  hollow  trunnion  bearing  is 
dispensed  with  altogether,  and  the  mill  is  arranged  to  run 
on  tires  or  rings,  one  at  each  end,  and  these  tires  again  are 
each  carried  by  two  cast-steel  rollers. 

The  chief  advantages  claimed  by  these  compound  types 
of  mill  are  that  they  can  be  erected  in  a  single  storey  mill- 
house,  so  that  the  massive  foundations  and  high  building 
required  by  ball  and  tube  mills,  when  arranged  one  above 
the  other  in  the  ordinary  way,  can  be  dispensed  with. 
The  usual  intermediate  elevator  and  conveyor  between  the 
ball  and  tube  mills  is  also  unnecessary. 

With  all  grinding  machinery,  regular  feeding  is  one  of 
the  first  essentials  of  efficient  working.  As  will  be  seen 
on  reference  to  the  illustration  on  page  128,  the  method 
of  feeding  the  old  original  French  burr  stones  was  by 
means  of  an  inclined   tray  or  shoot,  leading  from  the 
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hopper  above  to  the  eye  of  the  stones ;  this  shoot  was 
pivoted  at  the  upper  end,  and  at  the  lower  was  continually 


tapped  by  a  revolving  damsel  attached  to  the  crossbar  of 
the  stones.  For  regulating  the  supply  of  material  to  the 
more  modem  mills  just  previously  described,  there  are 
several  types  of  mechanical  feeders  now  on  the  market, 
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generally  consisting  either  of  percussion  or  of  revolving 
table  feeders.  The  former  consist  of  a  suspended  tray  or 
shoot,  which  by  means  of  springs  is  kept  in  contact  with  a 
buffer  block;  a  cam,  working  on  a  shaft,  forces  the  tray 
upwards  against  the  spring,  and  as  soon  as  the  cam 
releases  it,  the  action  of  the  spring  shoots  it  forward  a^ain, 
against  the  block  with  a  jarring  action,  which  propels  the 
material  forward.  As  with  the  original  damsel  and  mill- 
stone feed,  the  flow  of  the  material  is  controlled  by  the 
amount  of  jar  imparted  to  the  tray,  which  can  be  regulated 
as  desired.  The  revolving  table  feeder  is  a  totally  different 
arrangement,  and  consists  of  a  revolving  disc,  fixed  a  few 
inches  below  the  spout  leading  from  the  hopper  above ;  a 
cone  of  the  material  to  be  ground  is  formed  by  its  falling 
from  the  hopper  spout,  and,  as  the  disc  revolves,  an  adjust- 
able scraper  pares  off  the  external  edge  of  the  cone,  and 
sends  it  in  a  regular  stream  into  the  inlet  hopper  of  the 
mill. 

The  economical  and  efficient  pulverisation  of  cement  is  a 
matter  which  has  been  exercising  the  mind  of  the  English 
cement  manufacturer  for  some  time  past,  and  all  sorts  of  in- 
ventions have  been  brought  forward  for  that  purpose,  some 
of  which  still  survive,  but  the  greater  number  have  been 
gradually  abandoned.  The  mills  previously  described  are 
those  which  have  found  most  favour  in  this  country,  but 
without  making  any  invidious  distinction,  it  is  doubtful 
if  any  of  them  produce  the  same  percentage  of  flour,  or 
impalpable  powder,  as  the  old  French  burrs,  with  the 
exception  perhaps  of  the  tube  mills.  As  has  been  already 
stated,  it  is  possible  for  two  samples  ground  by  different 
machines  to  give  the  same  result  on  the  sieves  usually  used 
for  testing,  and  yet  one  may  be  all  fine  grit  and  the  other 
chiefly  flour.  In  the  course  of  a  public  discussion  on 
the  subject  some  few  years  ago,  the  patentee  and  manu- 
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facturer  of  one  of  the  most  extensively  used  edge-runner 
mills  at  that  time,  admitted  the  approximate  accuracy  of 
the  author's  statements,  viz.  that  a  cement  ground  entirely 
by  millstones,  and  leaving  about  10  per  cent  residue  on  a 
50  sieve,  was  equal  in  cementitious  value  to  one  ground  by 
edge-runners  and  leaving  only  6  per  cent  A  few  weeks 
later  the  patentee  and  manufacturer  of  a  rather  different 
type  of  edge-runner  mill  challenged  this  statement  in  the 
press.  Unfortunately  for  him  he  had  written  to  the  same 
journal  a  month  or  two  previously,  giving  the  comparative 
results  of  tests  of  the  same  cement  ground  by  his  own  mills 
and  French  burr  stones,  which  showed  that  although  the 
former  was  ground  so  as  to  leave  only  a  trace  of  residue 
on  a  50  sieve,  it  carried  15  lbs.  less  at  28  days  when  mixed 
with  three  parts  of  standard  sand  than  the  latter,  which 
was  ground  to  a  fineness  of  4  per  cent  on  a  50. 

It  has  been  sometimes  stated  that  the  superiority  in 
cementitious  value  of  cement  ground  by  one  kind  of  mill 
over  that  produced  by  another,  is  due  to  difference  in  the 
shape  of  the  grain  produced  by  the  different  methods,  one 
being  supposed  to  produce  an  angular  jagged  grain,  and 
another  a  rounded  one ;  and  that  the  former  consequently 
interlocks  better,  and  forms  a  more  tenacious  matrix  than 
the  latter.  With  this  view  the  author  cannot  agree;  he 
has  examined  many  samples  microscopically,  and  can  find 
but  little  difference  in  the  shape  of  the  grains  produced  by 
the  various  methods  of  grinding,  at  all  events  not  sufficient 
to  account  for  any  superiority  of  the  one  over  the  other.  Fig. 
41  is  a  photo-micrograph  of  the  grains  produced  by  mill- 
stones, and  fig.  42  of  those  produced  by  edge-runner  mills. 
The  grains  in  each  case  are  those  which  have  passed 
through  a  76x76  sieve,  and  have  been  retained  on  a 
100  X  ICO,  and  are  consequently  magnified  about  30 
diameters,  and  it  will  be  seen  that  in  shape  they  are 
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exactly  alike.     As  already  stated,  the  superiority  is  rather 
to  be  attribated  to  the  one  containing  a  greater  proportion 
of  inapalpable  powder  or  flour  than  the  other.     When 
cement  clinker  is  reduced  to  an  absolutely  pulverulent 
condition,  it  is  no  lot^er  black  and  opaque,  as  it  appears 
in  the  grains  retained  by  an  ordinary  testing  sieve,  but 
splits  up   into  transparent  crystalline  fragments.    If  the 
finest  particles  of  cement  flour  are  examined  under  the 
microscope  with  a  fairly  high  power,  say  a  J  inch  objective, 
it  will  be  found  that  they  have  a  transparent  crystalline 
appearance,  very  much  like  white  moist  sugar ;  these  fine 
particles  are  the  essential  and  most  active  part  of  the 
cement,  and  so  long  as  the  sample  contains  its  due  pro- 
portion   of  them,  it   is  obviously  immaterial  by  v/hat 
method  they  are  produced. 

The  arrangement  of  the  warehouses  for  storing  the 
cement  after  grinding,  is  a  matter  which  rarely  receives 
the  attention  it  deserves,  the  general  plan  being  to  make 
any  kind  of  building  serve  the  purpose,  without  due  regard 
to  the  necessities  of  the  case.  A  separate  warehouse  should 
be  allotted  to  each  set  of  mills,  and  proper  provision  made 
for  dividing  up  each  one  into  suitable  bins,  so  that  if  from 
any  cause  the  product  should  not  prove  quite  w^'j^J^jy; 
(and  accidents  wfll  sometimes  happen),  the  douMlu 
material  can  be  ground  into  a  separate  bin,  and  Kepi 
distinct  from  the  rest  of  the  manufacture. 

A  very  convenient  plan  of  arranging  a  warehouse,  wher. 
the  proSuct  has  to  be  disposed  of  by  ««,  U  to  have  a  lo  g 
builLg  with  a  division  kmgitudinally  down  the  centre  tnd 
each  side  divided  off  into  bins  of  .00  or  ^y^^'^^^^'l 
according  to  requirements.  A  railway  •  "»  ^  ^^e 
ranged  alongside  the  '-hole  length  *''*t^^  facility 

building,  trucks  can  be  '«f^  "^l^^^'t  imp^..<«  <•' 
anygivenbin.    The  front  of  each  bin  may  oe 
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exactly  alike.  As  already  stated,  the  superiority  is  rather 
to  be  attributed  to  the  one  containing  a  greater  proportion 
of  impalpable  powder  or  flour  than  the  other.  When 
cement  clinker  is  reduced  to  an  absolutely  pulverulent 
condition,  it  is  no  longer  black  and  opaque,  as  it  appears 
in  the  grains  retained  by  an  ordinary  testing  sieve,  but 
splits  up  into  transparent  crystalline  fragments.  If  the 
finest  particles  of  cement  flour  are  examined  under  the 
microscope  with  a  fairly  high  power,  say  a  \  inch  objective, 
it  will  be  found  that  they  have  a  transparent  crystalline 
appearance,  very  much  like  white  moist  sugar ;  these  fine 
particles  are  the  essential  and  most  active  part  of  the 
cement,  and  so  long  as  the  sample  contains  its  due  pro- 
portion of  them,  it  is  obviously  immaterial  by  what 
method  they  are  produced. 

The  arrangement  of  the  warehouses  for  storing  the 
cement  after  grinding,  is  a  matter  which  rarely  receives 
the  attention  it  deserves,  the  general  plan  being  to  make 
any  kind  of  building  serve  the  purpose,  without  due  regard 
to  the  necessities  of  the  case.  A  separate  warehouse  should 
be  allotted  to  each  set  of  mills,  and  proper  provision  made 
for  dividing  up  each  one  into  suitable  bins,  so  that  if  from 
any  cause  the  product  should  not  prove  quite  satisfactory, 
(and  accidents  will  sometimes  happen),  the  doubtful 
material  can  be  ground  into  a  separate  bin,  and  kept 
distinct  from  the  rest  of  the  manufacture. 

A  very  convenient  plan  of  arranging  a  warehouse,  where 
the  product  has  to  be  disposed  of  by  rail,  is  to  have  a  long 
building  with  a  division  longitudinally  down  the  centre,  and 
each  side  divided  off  into  bins  of  100  or  200  tons  capacity 
according  to  requirements.  A  railway  siding  being  ar- 
ranged alongside  the  whole  length  of  each  side  of  the 
building,  trucks  can  be  loaded  with  great  facility  from 
any  given  bin.    The  front  of  each  bin  may  be  composed  of 
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stout  wooden  planks  on  edge,  fitting  into  a  groove  formed 
by  two  battens  nailed  on  to  the  vertical  supporting  timber 
of  the  building,  so  that  when  it  is  required  to  empty 
a  bin,  it  is  only  necessary  to  lever  up  these  planks,  and 
the  mass  falls  out  ready  for  packing.  With  such  an 
arrangement    of   warehouse,  the    conveyor    is  generally 

• 

carried  in  the  timbers  of  the  roof,  and  the  cement  coming 
from  the  mills  can  thus  be  delivered  at  any  required  spot. 
It  is  commonly  the  custom  to  allow  the  cement  to  fall 
from  the  conveyor,  in  the  roof  timbers,  into  a  movable 
spout,  which  can  be  turned  in  the  direction  in  which  it  is 
desired  the  cement  should  be  led.  The  cement  is  generally 
allowed  to  fall  the  last  few  feet  on  to  the  floor  of  the 
warehouse,  which  consequently  creates  considerable  dust, 
while  the  spouts  also  require  to  be  moved  occasionally.  A 
method  of  filling  the  bins,  practically  without  dust,  which 
the  author  has  seen  working  very  satisfactorily,  is  to  fix  a 
square  wooden  chute  or  shaft  in  a  vertical  position  from 
the  floor  of  the  warehouse  to  the  conveyor  outlet.  Fig.  43 
gives  an  illustration  of  this  shaft  in  elevation  and  section, 
from  which  it  will  be  seen  that  it  is  14  inches  x  10  inches 
internally,  and  that  every  3  feet  6  inches  apart,  on  each  14- 
inch  side  of  the  chute,  is  a  6  x  8  inch  aperture,  directly  over 
which  a  baffle  plate  is  fixed  at  an  angle  of  45^  to  prevent 
the  cement  falling  direct  out  of  the  opening  and  causing 
dust  This  chute  or  shaft  acts  as  a  perfect  conveyor  of  the 
cement,  and  effectually  prevents  the  creation  of  any  dust, 
even  when  the  cement  falls  from  the  full  height  of,  say,  30 
feet  from  the  conveyor  to  the  floor;  moreover,  being  a 
fixture,  no  labour  or  trouble  is  involved  as  in  the  case  of 
movable  chutes. 

It  is  the  general  custom  in  this  country  to  fill  the 
sacks  or  barrels,  in  which  the  cement  is  transported 
to    its    destination,    by    manual    labour,    the    receptacle 
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being  first  laid  on  its  side,  and  the  cement  shovelled 
into  it  as  far  as  possible,  and  then  pulled  up  into  a 
vertical  position,  and  the  filling  completed  by  shaking 
it  down  into  the  sacks,  or  smartly  tapping  the  barrels 
with  a  stout  stick  to  consolidate  the  cement  down  into 
them.  With  the  ordinary  shaped  bin,  described  above,  this 
is  about  the  only  method  possible,  but  on  the  Continent 
and  in  America,  the  cement  as  it  comes  from  the  mills 
is  frequently  stored  in  deep  silos  with  hopper-shaped 
bottoms,  from  which  it  can  be  withdrawn  and  packed 
entirely  by  mechanical  methods.  Suitable  outlets  are 
provided  at  the  bottom  or  apex  of  the  hopper,  whence 
the  cement  falls  out  into  the  trough  of  a  screw  conveyor, 
by  which  it  is  carried  to  an  elevator,  leading  to  a  small 
hopper  above  the  automatic  weighing  and  sack-filling 
machines,  by  which  any  given  weight  can  be  filled  into 
the  sacks  or  barrels ;  in  the  former  case  it  only  remains 
for  the  workmen  to  detach  and  tie  up  the  sack,  and  place 
a  fresh  one  under  the  machine.  When  the  material  has 
to  be  filled  into  the  barrels,  a  mechanically  actuated 
shaking  platform  is  generally  provided,  by  which,  upon 
pulling  over  a  lever,  the  cask  is  vigorously  shaken  to 
consolidate  the  contents,  in  the  place  of  the  manual 
shaking  and  tapping  previously  described. 

Fig.  44  gives  a  sectional  illustration  of  one  of  the  very 
few  automatic  silo  emptying  arrangements  installed  in  this 
country.  In  this  case  the  silos  are  circular,  and  con- 
structed of  reinforced  concrete,  each  one,  when  filled, 
being  capable  of  holding  about  1 500  tons  of  cement  As 
will  be  seen  from  the  illustration,  the  cement  is  transported 
by  screw  conveyors  from  the  grinding  mills,  and  introduced 
into  the  silo  at  the  top ;  for  emptying  purposes,  a  screw 
conveyor  withdraws  the  cement  from  the  bottom  of  the  silo, 
whence  it  travels  by  an  inclined  conveyor  and  an  elevator  to 
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the  automatic  weighing  machine  in  the  packing  shed  along- 
side the  railway,  so  that  the  labour  is  reduced  to  a  minimum. 
It  will  be  readily  understood, 
however,  that  the  first  cost 
of  the  silo  arrangement,  with 
the  necessary  extracting  and 
automatic  sack  or  barrel-filling 
machinery,  is  considerably 
greater  than  that  of  an  ordi- 
nary warehouse,  with  the 
simple  bin  arrangement  as 
previously  described.  The 
difference  in  the  cost  of  labour 
by  the  two  methods  is  about 
twopence  per  ton,  and  there- 
fore, after  allowing  for  interest 
and  the  extra  capital  outlay 
involved  by  the  automatic 
method,  there  is  not  such  a 
marked  advantage  as  might 
be  expected,  except  when 
labour  is  scarce.  The  chief 
disadvantageofstoringcement 
in  large  silos  for  mechanical 
filling  is  that,  if  left  in  them 
too  long  before  removal,  the 
cement  tends  to  become  very 
much  consolidated,  and  is  not 
easy  to  move,  requiring  con- 
siderable manual  labour  at  the 
apex  of  the  hopper-shaped  bottom  of  the  bin,  to  get  it 
down  into  the  conveyors.  For  Government  and  important 
engineering  work  also,  cement  is  frequently  tested  and 
passed  at  the   manufacturers'  works  by  the  purchaser's 
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representative  previous  to  shipment,  and  for  this  purpose  it  is 
essential  that  it  should  not  be  in  too  large  or  too  deep  a  bulk 
to  admit  of  proper  sampling.  Such  testing  and  inspection 
before  shipment  forms  a  considerable  part  of  the  author's 
practice,  and  he  always  makes  it  a  condition  that  the  cement 
shall  not  be  of  a  greater  depth  than  six  feet,  otherwise 
proper  sampling  is  impossible;  the  only  alternative  is  taking 
intermediate  samples  during  the  filling  of  the  bin.  For 
work  of  this  kind  especially,  the  self-emptying  silo  method 
does  not  lend  itself  so  readily  as  the  old-fashioned  bin. 
From  the  point  of  view  of  the  chemist  in  charge  of  the 
manufacture  also,  it  is  not  so  convenient  to  have  the 
cement  in  large  bulks  in  an  inaccessible  position,  as 
when  stored  in  large  hopper  silos.  It  frequently  happens 
that  for  different  contracts  and  different  purposes,  cement 
of  a  slightly  different  quality  is  specified ;  for  instance, 
one  contract  may  be  for  quick-setting  cement,  one  for 
medium  -  setting,  and  another  for  slow  -  setting,  etc. ; 
apart  from  the  inspection  work  previously  mentioned,  it 
frequently  happens  that  the  saving  of  a  penny  or  so  per 
ton  in  handling  is  altogether  outweighed  by  the  greater 
convenience  of  having  the  bulk  in  smaller  bins,  and 
thoroughly  accessible  for  any  reason  that  may  arise. 

Although,  theoretically,  cement  ought  to  be  fit  for  use 
immediately  after  grinding,  it  has  generally  been  found  in 
practice  that  it  greatly  improves  with  age,  and  therefore  it 
should  never  be  sent  out  freshly  ground,  when  such  a  course 
can  be  avoided.  Apart  from  the  risk  attending  the  use  of 
such  fresh  cement,  the  general  experience  is,  that  to  put 
hot,  freshly-ground  cement  into  sacks,  greatly  affects  the 
durability  of  the  latter,  and  tends  to  make  them  rotten  long 
before  they  would  have  been  in  the  ordinary  way  with  cool 
cement.  The  ideas  which  some  manufacturers  of  cement- 
grinding  plant  have  of  the  storage  requirements  of  a  cement 
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factory  are  rather  amusing ;  the  author  well  remembers  one 
case  in  which  the  plans  of  a  factory,  designed  by  such  a 
firm,  were  submitted  to  him  for  inspection ;  the  cement, 
after  leaving  the  sieves,  was  allowed  to  fall  into  a  small 
hopper  of  two  or  three  tons  capacity,  whence  it  was  led 
direct  into  the  sacks  by  a  sleeve  arrangement,  such  as  is 
usually  seen  in  a  flour  mill. 

In  addition  to  maturing  the  cement  before  delivery, 
another  advantage,  by  no  means  inconsiderable,  of  having 
plenty  of  warehouse  room,  is  that,  during  the  winter  months 
or  when  trade  is  temporarily  slack,  the. works  may  be  kept 
going  at  their  full  capacity  ;  the  working  expenses  are  thus 
kept  down,  for  it  is  unnecessary  to  remark  that  the  greater 
the  output,  the  less  the  cost  per  ton  for  salaries  and  estab- 
lishment expenses.  A  short  output  is  unsatisfactory  both 
to  master  and  man :  to  the  former  because  of  the  increased 
cost  per  ton,  and  consequent  loss  of  profit,  and  to  the  latter 
because  he  is  on  short  time,  and  only  earns  part  of  his 
proper  week's  wage. 
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CHAPTER   VI 

DRY  PROCESS 

The  "  dry  process  "  of  cement  manufacture,  as  it  is  termed, 
is  usually  adopted  where  the  physical  properties  of  one  or 
both  of  the  raw  materials  to  be  used,  are  of  such  a  hard 
nature  that  they  cannot  be  mechanically  mixed  and  blended 
in  the  wash-mill  with  water,  and,  as  the  name  suggests,  have 
to  be  ground  and  mixed  in  a  dry  state.  The  process  may 
be  briefly  outlined  as  follows :  the  materials  are  first  dried, 
if  necessary,  and  then  fed  into  the  crushing  and  grinding 
mills  in  their  proper  proportions,  and  ground  to  a  fine 
powder;  this  powdered  mixture,  technically  termed  raw 
meal  or  compo,  is  then  slightly  damped  to  enable  it  to  be 
pressed  into  bricks,  which  are  generally  again  dried  before 
being  loaded  into  the  kilns  for  calcination  ;  or  where  rotary 
kilns  are  in  use,  the  raw  meal  is  fed  direct  into  the  kiln  in 
a  powdered  form.  The  subsequent  operations  of  crushing 
and  grinding  the  clinker  are  the  same  as  in  the  wet 
process.  The  principal  materials  treated  by  this  process 
are  the  limestones  and  shales  of  the  Lias  formations  of 
Warwickshire,  and  the  limestones  and  clays  of  Wales 
and  elsewhere;  the  soft  chalk  marls  of  Cambridgeshire 
have  also  been  recently  successfully  treated  by  the  dry 
process. 

Where    clays    and    similar  wet  silicates  are  used,  in 
conjunction  with  limestone,  it  is  obviously  necessary  to 
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first  dry  them  thoroughly  before  they  can  be  ground 
to  powder,  and  for  that  purpose  drying  floors  or  other 
means  of  removing  the  moisture  have  to  be  employed. 
Even  when  the  materials  are  apparently  dry,  such  as 
limestones  and  shales,  and  appear  to  grind  satisfactorily, 
it  is  found  economical  to  dry  them  more  thoroughly  by 
artificial  means  before  grinding,  since,  when  quite  dry, 
there  is  no  tendency  to  clog,  and  the  increased  output  of 
the  mills  more  than  compensates  for  the  cost  of  drying. 
Drying  floors  are  generally  heated  by  coal-fed  furnaces  or 
by  coking  ovens,  although  in  some  cases  floors  heated  by 
the  exhaust  steam  from  the  engine  are  made  use  of.  An 
illustration  of  one  of  these  steam-heated  floors  is  given 
in  fig.  45.  The  illustration  is  reduced  from  a  working 
drawing,  and  shows  the  drying  floors  in  plan,  longitudinal 
and  cross  sections.  It  will  be  seen  that  the  floors  are 
constructed  in  a  somewhat  similar  manner  to  those  heated 
by  ovens,  and  are  covered  by  iron  plates.  The  steam 
pipes  traverse  about  half  the  length  of  every  third  flue,  and 
the  walls  of  the  flues  are  built  of  perforated  brickwork,  so 
as  to  allow  the  steam  to  circulate  freely  beneath  the  whole 
surface  of  the  floors. 

A  more  recent  method, which  has  become  almostuniversal, 
of  drying  raw  materials  for  treatment  by  the  dry  process  of 
manufacture,  is  by  passing  them  in  a  roughly-crushed 
condition  through  a  hot,  slowly-rotating  drum  or  cylinder, 
inclined  at  a  slight  angle  from  the  horizontal,  so  that  the 
wet  material  fed  in  at  the  upper  end  is  gradually  conveyed 
by  the  rotation  of  the  cylinder  towards  the  lower  end,  where 
it  falls  out  in  a  perfectly  dry  condition.  These  rotary 
driers,  or  drying  drums  as  they  are  called,  are  usually 
heated  by  waste  hot  gases  from  the  rotary  kilns,  where 
such  are  employed  ;  where  vertical  shaft  kilns  are  employed, 
the  heating  of  the  drying  drum   has  to  be  effected  by 
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means  of  a  separate  furnace,  the  hot  gases  usually  being 
led  both  through 
the  cylinder  and 
also  round  the  out- 
side of  it.  Fig.  46 
shows  the  Ruggles 
Coles  rotary  dryer, 
which  it  will  be 
observed  consists 
of  two  drums  or 
cylinders,  one  in- 
side the  other.  The 
hot  gases  are  led 
down  through  the 
inner  drum,  and 
back   through    the 

space  between  the  ^ 

inner     and     outer  . 

drum,      through  f 

which  the  material 
to  be  dried  passes. 
Both  the  external 
surface  of  the  inner 
drum  and  the  in- 
ternal surface  of 
the  outer  drum  are 
provided  with  an 
arrangement  of 
scoops,  which,  as 
the  machine  ro- 
tates, carry  up  the 
material  to  bedried 
and  cause  it  to  be 
continually  cascad- 
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ing,  and  thus  exposed  in  the  greatest  degree  possible  to 
the  hot  gases  passing  through  the  cylinder. 

It  may  be  mentioned  here  that  a  wet  thick  slurry  method 
of  blending  the  raw  materials,  applicable  to  limestone  and 
clay,  or  limestone  and  shale,  has  recently  been  adopted  in 
two  or  three  instances,  with,  so  far  as  can  be  judged  from 
personal  inspection,  highly  satisfactory  results.  The 
method  consists  briefly  of  primary  reduction  by  means  of 
ordinary  Blake  crushers,  described  on  page  121,  secondary 
reduction  to  coarse  grit,  either  by  means  of  an  edge- 
runner  mill  with  perforated  pan,  or  of  a  wet  ball  mill,  and 
final  reduction  by  means  of  a  wet  tube  mill.  The  author 
has  recently  had  an  opportunity  of  inspecting  three  of 
these  thick  slurry  plants,  two  of  which  were  working 
with  Lias  limestone  and  shale,  and  one  with  carboniferous 
limestone  and  shaly  clay.  In  the  last-mentioned  plant 
ordinary  ball  mills  were  used  for  secondary  reduction.  In 
one  of  the  Lias  plants,  the  damp  material,  after  passing 
through  the  crusher,  was  fed  into  an  edge-runner  mill  with 
a  perforated  pan,  which  was  found  to  effectually  reduce 
the  material  to  a  suitable  size  for  feeding  into  the  wet 
tube  mill,  with  water,  for  final  reduction,  the  resulting 
thick  slurry  containing  about  35  per  cent,  water.  In  the 
other  plant  working  on  blue  Lias  materials,  the  damp 
limestone  and  shale,  after  passing  through  the  crusher,  was 
fed  into  a  wet  ball  mill  of  the  special  type  shown  in  fig. 
47,  for  secondary  reduction  before  passing  to  the  tube 
mill.  As  will  be  seen  from  the  illustration,  this  ball  mill 
runs  on  two  pairs  of  rim  rollers,  and  more  closely  resembles 
a  very  short  tube  mill  than  the  ball  mill  proper,  as 
described  on  page  149.  The  materials  to  be  reduced  are 
fed  in  at  one  end,  and  pass  out  at  the  other,  a  coarse  sieve 
being  placed  in  front  of  the  discharge  end,  as  shown,  to 
retain  any  insufficiently  reduced  particles. 
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The  advocates  of  this  wet  thick  slurry  method  of  manu- 
facture with  limestone  and  clay,  claim  that  not  only  does 


it  facilitate  a  more  thorough  blending  of  the  raw  materials, 
but  also  that  it  is  economical,  inasmuch  as  it  obviates  the 
necessity  of  first  drying  the  stone  and  clay  before  grinding. 
This  method  is,  however,  chiefly  adapted  for  use  with  the 
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more  recently  introduced  rotary  kiln,  and  the  author  is 
not  aware  of  its  having  been  adopted  with  intermittent 
chamber  kilns ;  with  continuous  shaft  kilns,  of  course,  the 
dry  process  would  be  more  suitable,  since  the  cost  of 
drying  the  wet  slurry,  before  making  it  into  bricks,  would 
render  the  system  prohibitive. 

Referring  again  to  the  dry  process  of  manufacture, 
in  dealing  with  materials  which  do  not  contain  much 
moisture,  such  as  Lias  stones  and  shales,  it  is  usual  to  feed 
them  into  the  crushers  in  the  correct  proportions,  whence 
they  pass  to  the  drying  drums,  and  then  to  the  grinding 
machinery  direct ;  but  where  a  wet  clay  is  used  in  conjunc- 
tion with  a  comparatively  dry  limestone,  this  is  impractic- 
able, and  the  two  materials  have  to  be  crushed  and  dried 
separately,  the  stone  being  passed  through  crushers,  and 
the  clay  through  rollers,  to  roughly  reduce  them  for  drying 
purposes.  In  such  cases  it  is  usual  to  provide  a  separate 
drying  drum  for  each  of  the  materials,  which  on  leaving  the 
drying  drums,  are  led  to  separate  storage  hoppers ;  auto- 
matic and  adjustable  weighing  machines  are  provided  at 
the  mouth  of  each  hopper,  by  which  means  the  proportions 
of  dry  stone  and  clay  fed  to  the  grinding  mills  can  be  con- 
trolled with  proper  accuracy.  From  the  point  of  view  of 
the  chemist  in  charge  of  the  manufacture,  this  method  has 
much  to  recommend  it,  since,  the  materials  being  dry, 
there  is  not  a  varying  amount  of  water  to  be  allowed  for, 
as  is  necessarily  the  case  during  variable  weather,  when 
the  proportions  are  controlled  at  the  crushers  with  the 
materials  in  a  wet  condition.  Where  limestone  and  clay 
have  to  be  dried  separately,  it  is  sometimes  arranged  to 
use  the  same  drying  drum  for  both,  working  on  each 
material  for  alternate  periods ;  a  recent  instance  came 
under  the  author's  notice,  in  which  the  dryer  ran  with  the 
limestone  only   during   the    day,  and  clay  only  during 
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the  night,  with  apparently  perfectly  satisfactory  results, 
and  of  course  economy  in  the  first  cost  of  plant. 

The  materials  being  in  a  properly  dry  condition,  the  next 

step  is  to  grind  and  mix  them  ;  and,  as  in  the  wet  process, 

« 

the  quality  of  the  resulting  cement  largely  depends  upon 
the  thoroughness  and  completeness  with  which  they  are 
ground  and  amalgamated. 

The  degree  of  comminution  necessary  depends  largely 
upon  the  chemical  composition  of  the  raw  materials.  It  is 
obvious  that,  in  order  to  produce  proper  chemical  combina- 
tion upon  burning,  a  limestone  containing  little  or  no  clay, 
and  a  clay  containing  traces  only  of  carbonate  of  lime,  will 
require  to  be  ground  very  much  finer  than  a  limestone  con- 
taining, say,  1 5-20  per  cent,  clay,  and  a  clay  or  shale  con- 
taining 40-50  per  cent,  of  carbonate  of  lime.  It  is  there- 
fore a  very  common  error  to  suppose  that  a  pure  limestone 
and  pure  clay  are  more  valuable  for  cement  -  making 
purposes  than  the  impure  varieties,  since  in  the  latter  case 
the  mixture  has  already  been  partially  accomplished  by 
Dame  Nature. 

As  in  the  wet  process,  most  manufacturers,  in  order  to 
ensure  the  thorough  amalgamation  of  the  raw  materials  and 
uniform  composition  of  the  compo,  pass  the  powder,  after 
it  leaves  the  grinding  mills,  into  large  mixing  hoppers  of 
special  design,  in  which  the  material  is  thoroughly  mixed 
and  rendered  uniform  before  being  passed  to  the  damping 
and  brick-making  machinery.  There  should  be  at  least 
two  of  these  hoppers,  according  to  the  capacity  of  the 
works,  so  that  the  contents  of  one  may  be  tested  and 
adjusted,  while  the  other  is  being  filled. 

Fig.  48  gives  a  sectional  illustration  of  an  ingenious  con- 
tinuous mechanical  arrangement  for  this  purpose,  designed 
and  patented  by  Mr  William  Gilbert.  The  material  coming 
from  the  grinding  mills  by  the  conveyor  /  falls  into  the 
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mixing-well  c,  and,  assuming  10  tons  per  hour  be  delivered 


by/  each  of  tlie  five  ported  rolls  a  at  the  same  time  deliver 
10  tons  per  hour  from  the  mixing  chamber  b,  so  that  into 
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the  well  c  there  is  continually  falling  one  part  of  fresh  meal 
and  five  parts  of  mixed  material  from  the  mixing  chamber  b. 
At  the  bottom  of  the  mixing- well  ^r  is  a  conveyor  g  leading 
to  the  elevator  A,  whence  the  material  falls  into  the 
conveyor  k ;  b  being  always  kept  full,  it  follows  that  10 
tons  per  hour  of  thoroughly  averaged  material  passes  along 
the  conveyor  k  to  the  storage  silos. 

The  grinding  machinery  used  for  reducing  the  raw 
materials  is  practically  the  same  as  that  already  described 
for  grinding  cement  clinker,  the  primary  reduction  being 
effected  by  the  usual  Blake  or  similar  crusher,  and  the 
final  pulverisation  being  accomplished  by  ball  and  tube 
mills  or  other  convenient  machinery.  When  tube  mills  are 
used,  it  is  not  necessary  to  sift  the  ground  material  before 
passing  it  on  to  the  pug-mills,  the  fineness  of  the  powder 
generally  being  sufficiently  assured ;  but  with  edge-runner 
mills  and  others  of  a  similar  nature,  sieves  of  course  are 
necessary,  as  these  mills  depend  largely  on  their  sieves  to 
ensure  proper  reduction.  When  sufficiently  ground,  the 
powder  passes  by  a  shoot  into  the  trough  of  a  horizontal 
pug-mill  or  mixer,  where  it  is  thoroughly  mixed,  and  beaten 
up  with  just  sufficient  water  to  enable  it  to  be  made  into 
bricks.  This  mixer  consists  of  a  semicircular  trough  about 
15  feet  long  and  18  inches  in  diameter,  according  to  the 
amount  of  material  it  has  to  deal  with,  through  which  runs 
a  shaft  fitted  throughout  its  whole  length  with  a  series  of 
blades  set  at  an  angle,  similar  to  those  of  a  screw  propeller, 
which  mix  the  powder  and  carry  it  forward  to  the  discharge 
outlet,  where  it  is  taken  up  by  the  brick  machine  and  made 
into  bricks.  These  bricks  are  then  conveyed  to  the  drying 
floors,  and  thoroughly  dried  before  being  loaded  into  the 
kiln  for  calcination. 

At  some  works,  instead  of  pressing  the  compo  into 
bricks,  it  is  cut  off  as  it  leaves  the  pug-mill  into  irregular 
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lumps,  which  are  dried  and  loaded  into  the  kiln  in  the 
usual  way,  the  contention  being  that  these  irregular  lumps, 
being  more  porous  than  the  tightly-pressed  bricks,  are  con- 
sequently more  thoroughly  and  evenly  burned.  Personal 
experience  suggests  that  the  heat  has  greater  difficulty  in 
penetrating  the  dense  compact  mass  of  a  pressed  brick 
than  the  more  porous  irr^ular  lump,  and  therefore  the 
mass  is  more  liable  to  be  insufficiently  calcined  in  the 
centre  with  the  former  than  with  the  latter  method. 

The  drying  of  the  bricks  or  compo  before  loading  into 
the  kilns  is  effected  in  a  variety  of  ways,  according  to  the 
circumstances  of  the  case ;  sometimes  by  means  of  the  waste 
heat  from  the  kilns,  sometimes  by  exhaust  steam,  and  some- 
times by  special  furnaces.  There  is,  of  course,  considerably 
less  water  to  be  evaporated  in  the  damp  bricks  or  compo 
than  in  the  fluid  slurry  of  the  semi-wet  process  of  manu- 
facture, and  therefore  much  less  heat  is  required  for  drying 
a  given  volume  of  raw  material.  At  some  v/orks  the  waste 
heat  from  the  kilns  is  utilised  for  drying  both  the  wet  clay 
and  also  the  compo  bricks.  In  such  cases  the  brick  or 
compo  drying  floor  is  arranged  at  the  level  of  the  top  of 
the  kiln,  as  with  the  Johnson  chamber,  and  the  clay  drying 
floor  beneath,  so  that  the  hot  gases  are  first  led  under  or 
through  the  upper  drying  floor,  and  then  down  through 
flues  to  the  clay  drying  floor  beneath ;  thus  the  whole  of 
their  heat  is  utilised  before  they  are  allowed  to  escape 
by  the  chimney.  It  is  hardly  necessary  to  add  that,  to 
enable  this  to  be  carried  out  efficiently,  a  very  strong 
draught  is  required  to  draw  the  gases  through  at  sufficient 
velocity. 

At  one  works,  which  the  author  recently  had  the  oppor- 
tunity of  inspecting,  the  bricks  were  pressed  fairly  dry,  and 
loaded  into  chambers  built  around  the  dome  of  an  ordinary 
bottle  kiln,  so  that   the  only  heat   available  for  drying 
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purposes  was  that  radiating  from  the  brickwork  of  the 
dome,  which  seemed  quite  sufficient  for  the  purpose,  and 
saved  the  expense  of  constructing  the  usual  kiln  chamber 
of  the  Johnson  type. 

Where  the  bricks  are  dried  by  waste  heat  from  the 
kilns,  by  means  of  flues  leading  under  the  drying  floors, 
it  is  generally  found  that  one  drying  floor  will  dry  sufficient 
material  for  two  or  three  kilns,  the  waste  heat  passing 
from  the  kiln  being  sufficient  to  dry  the  bricks  in  a  couple 
of  days.  When  working  on  this  principle,  it  is  usual  to 
construct  the  kilns  with  an  open  dome  similar  to  flg.  13, 
but  with  flues  leading  out  from  the  side  to  the  drying 
floor.  Both  dome  and  flues  are  fitted  with  dampers,  so 
that  the  kiln  is  allowed  to  burn  as  an  ordinary  open  kiln 
until  the  Are  gets  through  the  mass,  when  the  dome 
damper  is  shut  down,  the  flue  dampers  opened,  and  the 
hot  gases  made  to  pass  under  the  drying  floor  to  the 
chimney  beyond.  Owing  to  the  small  amount  of  drying 
required  by  the  bricks  or  compo,  a  drying  floor  of  one  kiln 
capacity  can  be  stripped  three  times  a  week,  and  thus 
made  to  serve  three  kilns. 

One  firm  of  machinery  manufacturers  supply  a  brick 
machine,  which  they  claim  will  dry-press  the  bricks  with 
such  a  small  amount  of  water,  that  they  are  ready  for 
loading  into  the  kiln  immediately,  without  further  drying. 
If  such  a  process  should  prove  to  be  practicable,  it  would 
be  very  economical,  both  as  regards  labour  and  fuel  for 
drying  purposes,  though  there  is  the  objection  previously 
mentioned  with  regard  to  the  proper  calcination  of  such 
densely-pressed  bricks ;  it  seems  that  to  press  them  with 
such  a  small  amount  of  water  as  to  be  dry  enough  for 
immediate  calcination,  they  must  necessarily  be  so  ex- 
tremely dense  and  compact,  that  they  would  not  burn 
satisfactorily  under  ordinary  conditions  of  calcination.     In 
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confirmation  of  this  view,  the  author  was  recently  told  by 
a  Colonial  cement  manufacturer,  that  he  had  experienced 
considerable  trouble  in  trying  to  work  on  these  lines,  and 
had  come  to  the  conclusion  that  his  materials,  ue.  limestone 
and  clay,  which  produced  a  good  damp-pressed  brick, 
were  not  suitable  for  treatment  as  such  extremely  dry- 
pressed  bricks. 

Although  it  is  usual  to  press  the  damp  compo  into 
bricks  immediately  it  leaves  the  trough  or  pug-mill,  the 
author  has  met  with  two  instances,  one  in  England  and 
one  on  the  Continent,  where  it  was  the  custom  to  store 
the  damp  compo  for  a  few  hours  before  pressing  into 
bricks ;  it  was  found  that  by  so  doing,  the  damp  powder 
produced  a  firmer  and  less  friable  brick,  that  had  con- 
siderably less  tendency  to  dust  and  crumble  when  loaded 
into  the  kiln.  The  explanation  probably  is,  that  by  giving 
the  clay-material  in  the  compo  time  to  "weather,"  and 
more  completely  absorb  the  water,  it  became  more  plastic, 
and  thus  cohered  better  on  pressing;  the  author  was 
assured  that  the  slight  extra  labour  involved  was  thoroughly 
repaid  by  the  extra  toughness  of  the  brick,  which  was 
consequently  much  more  easily  handled  for  loading  into 
the  kiln. 

The  burning  and  grinding  of  the  mixed  material  in  the 
dry  process  of  manufacture  is  the  same  as  in  the  wet 
processes,  and  therefore  a  detailed  description  of  it  would 
be  mere  recapitulation.  It  has  been  found,  however,  that 
the  clinker  produced  by  the  former  process  is  considerably 
denser  and  more  difKcult  of  reduction  than  that  produced 
by  the  latter  process,  the  result  being  that  some  of  the 
edge-runner  and  other  patent  mills,  which  had  met  with 
a  fair  amount  of  success  in  the  Thames  and  Medway 
districts,  were  not  equally  successful  in  treating  the  clinker 
produced  from  the  Lias  formations.     This  remark  applies 
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more  especially  to  the  less  modern  chamber  kiln  product ; 
with  the  more  recent  rotary  kiln  clinker,  there  is  probably 
not  very  much  difference  between  them,  suggesting  that 
the  difficulty  above  mentioned  arose  more  from  its  being 
harder  burned  than  from  any  inherent  difference  in  raw 
materials. 

Before  leaving  the  subject  of  the  dry  process  of  manu- 
facture, the  following  brief  description  of  one  of  the  dry 
process  installations,  recently  designed  and  carried  out  by 
the  author  in  conjunction  with  his  partner  in  such  matters, 
Mr  William  Gilbert,  as  consulting  engineers,  may  be  of 
interest.  To  facilitate  the  description,  a  plan  of  the  works, 
on  a  reduced  scale,  is  given  in  Plate  IV.  (fig.  49). 

The  raw  materials  in  this  instance  consist  of  limestone 
and  shale  of  the  well-known  lower  Lias  formation,  the  car- 
bonate of  lime  in  the  limestone  varying  from  about  72  to 
85  per  cent.,  and  in  the  shale  from  about  30  to  50  per  cent 
The  stone  and  shale  as  it  comes  from  the  quarry,  in  pieces 
of  about  a  foot  square,  is  dumped  in  the  proper  proportions 
into  a  large  gyratory  crusher  A,  which  reduces  it  to  pieces 
of  about  2  to  3  inches  diameter ;  after  passing  the  gyratory 
crusher,  the  material  is  still  further  reduced  to  about 
f-inch  diameter  by  means  of  a  pair  of  powerful  crushing 
rolls,  whence  it  falls  into  a  hopper  containing  rather  more 
than  sufficient  for  the  night's  supply,  since  the  quarry  and 
crushing  plant  is  only  run  during  the  daytime.  From  this 
hopper  the  material  is  fed  out  on  to  an  inclined  band  B, 
into  the  rotary  dryer  C,  which  is  heated  by  waste  hot  gases 
from  the  kilns.  The  dried  stone  is  then  passed  to  the  ball 
and  tube  mills  D  and  E,  which  reduce  it  to  the  requisite 
fineness,  and  by  means  of  the  conveyor  F  and  elevator  G, 
the  powdered  material  is  passed  to  the  mixing  and  storage 
silos  H.  These  silos  are  built  of  ferro-concrete  with 
hopper-shaped  bottoms,  and  are  so  constructed  that  by 
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means  of  screw  conveyors  at  the  apex  of  each  hopper,  the 
contents  of  two  or  more  hoppers  can  be  led  to  the  main 
conveyor  and  elevator,  leading  to  the  kilns.  The  two 
kilns  J,  J  are  100  feet  long  by  6  feet  internal  diameter, 
with  rotary  coolers  arranged  underneath  on  the  return 
principle,  whence  the  clinker  falls  out,  to  be  conveyed  to 
the  elevator  K,  leading  to  the  clinker  storage  hopper  L, 
which  contains  sufficient  material  to  supply  the  grinding 
mills  for  forty-eight  hours.  The  clinker  grinding  machinery 
consists  of  a  heavy  grit  mill  or  preliminary  steel  ball  tube 
mill,  similar  to  that  shown  in  fig.  37  for  primary  reduction, 
followed  by  final  treatment  in  a  tube  mill  with  smaller 
balls ;  from  the  tube  mill  the  finished  cement  is  conveyed 
by  spiral  conveyors  and  elevators  to  the  conveyor  dis- 
charging into  the  cement  silos  M,  M,  M.  These  silos  are 
also  built  of  ferro-concrete,  and  are  circular  in  shape,  with 
funnel-shaped  bottoms  and  inverted  funnel-shaped  roofs, 
each  silo  having  a  capacity  of  1 500  tons  of  cement.  The 
cement  is  drawn  out  at  the  bottom  by  means  of  conveyors, 
and  conducted  to  the  elevators  leading  to  the  small  hopper 
over  the  automatic  sack-filling  apparatus  in  the  packing 
shed  N,  whence  the  filled  sacks  can  be  either  loaded  into 
barges  on  the  canal  P,  or  into  the  railway  trucks  on  the 
siding  R,  as  may  be  desired. 

As  stated  in  a  previous  chapter,  fuel  supply  is  one  of 
the  most  important  items  on  a  cement  works,  and  therefore 
considerable  attention  has  been  given  to  this  essential 
matter.  As  will  be  seen  from  the  plan,  separate  sidings  are 
arranged  for  boiler  fuel  and  for  kiln  coal ;  the  former  siding, 
owing  to  difference  in  levels,  is  carried  on  a  gantry  about 
6  feet  above  the  ground,  facilitating  unloading  the  coal 
direct  from  the  truck,  either  to  the  stoke  hole  or  to  the 
coal  store  on  the  opposite  side  of  the  gantry.  For  dealing 
with  the  kiln  coal,  a  large  hopper  is  arranged  under  the 


siding,  into  which  the  coal  can  be  tipped,  a  truck  at  a  time, 
or  if  the  hopper  is  full,  it  can  be  unloaded  into  the  store 
alongside ;  from  the  hopper,  an  elevator  and  conveyor 
takes  the  coal  to  the  coal  drying  and  grinding  shop,  where 
it  is  dried  by  a  rotary  dryer,  and  ground  to  the  requisite 
fineness  by  a  small  steel  ball  tube  mill,  the  powdered  coal 
being  conveyed  to  the  coal  feed  hopper  over  the  kiln.  The 
power  plant  consists  of  two  steam  engines  of  540  and  120 
B.H,P.  respectively,  the  steam  for  which  is  provided  by 
three  water  tube  boilers.  The  water  supply  being  some- 
what hard,  a  water-softening  plant  is  provided  alongside 
the  boiler  house. 

With  rotary  dryers  dealing  with  this  class  of  material, 
tbe  dust  resulting  therefrom  is  a  matter  requiring  special 
consideration,  since,  if  the  hot  gases,  after  passing  through 
the  dryer,  were  allowed  to  escape  direct  into  the  atmo- 
sphere, the  dust  accompanying  them  would  constitute  a 
serious  nuisance  to  the  immediate  neighbourhood ;  there- 
fore a  dust  filter  is  placed  between  the  drying  drum  and 
the  chimney  shaft,  which  traps  the  dust,  and  prevents  it 
being  discharged  into  the  atmosphere. 

The  foregoing  brief  description  gives  some  idea  of  a 
modem  cement  plant,  from  which  it  will  be  seen  that,  by 
modern  methods,  the  whole  process  of  manufacture  can  be 
carried  out  by  mechanical  labour-saving  devices  ;  the  raw 
material  is  fed  in  at  one  eod,  and  is  not  again  touched  by 
hand  till  it  emerges  as  finished  cement,  ready  filled  into 
the  sacks,  for  despatch  to  the  consumer. 


THE  TESTING 
OF  PORTLAND  CEMENT 


INTRODUCTORY 

The  object  of  testing  cement  is  to  ascertain  its  value  as 
a  constructive  material,  and  also  to  determine,  as  far  as 
possible,  the  characteristics  which  it  may  be  expected  to 
develop  in  practical  use.  This  is,  of  course,  chiefly  the 
object  of  testing  from  the  user's  and  scientific  point  of 
view ;  the  manufacturer,  while  he  is  doubtless  interested 
in  the  characteristics  ultimately  developed  by  his  cement, 
is  generally  satisfied  if  it  is  equal  in  quality  to  the  tests 
demanded  of  it  by  the  specification  of  the  user.  The  tests 
which  are  generally  carried  out  to  ascertain  the  quality  of 
cement  are  the  following : — 

1.  Soundness,  i.e.  freedom    from    destructive   agencies 
within  itself,  or,  as  it  is  generally  termed, "  blowing." 

2.  Fineness  of  grinding. 

3.  Strength,  cohesive  and  adhesive. 

4.  Setting  properties. 

J.  Weight  or  specific  gravity. 

6.  Chemical  composition. 

7.  Purity,  i.e.  freedom  from  adulteration. 

The  above  tests,  carefully  carried  out,  enable  a  fairly 
accurate  opinion  to  be  formed  as  to  the  future  behaviour 
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of  a  sample.  It  would  be  as  well,  however,  to  point  out 
that  a  totally  erroneous  conclusion  may  be  arrived  at  by 
placing  too  much  reliance  on  any  one  test  by  itself,  such, 
for  instance,  as  the  tensile  strength  at  seven  days  only, 
without  at  the  same  time  carefully  examining  the  other 
properties  of  the  sample.  Judging  from  remarks  that  are 
commonly  heard  on  the  subject,  the  opinion  seems  to  be 
very  prevalent  among  the  less  well  informed,  that  if  a 
sample,  when  gauged  neat,  develops  a  good  tensile  strain 
at  seven  days,  there  is  nothing  more  to  be  desired  ;  whereas 
it  sometimes  happens,  that  a  sample  which,  viewed  from 
that  standpoint  alone,  is  perfectly  satisfactory,  shows 
marked  signs  of  disintegration  at  the  end  of  a  month  or 
so,  and  proves  finally  to  be  utterly  worthless.  Moreover, 
the  seven  days'  test  by  itself,  in  common  with  other  tests 
at  the  one  date  only,  gives  no  indication  as  to  whether  the 
cement  will  increase  in  strength  with  age,  as  all  good 
cement  should,  or  whether  it  practically  attains  its  greatest 
strength  at  that  date.  It  is  therefore  important  to  ascertain 
the  strength  developed  at  two  dates  at  least,  by  which 
means  an  opinion  can  be  formed  of  its  power  of  growing 
or  increasing ;  for  it  is  very  evident  that  a  sample  which 
attains  a  moderate  strength  at  the  earlier  date,  and 
practically  goes  on  increasing  indefinitely,  is  more  valuable 
for  most  kinds  of  constructive  work,  than  one  which  attains 
a  comparatively  high  strength  at  the  earlier  date,  and  then 
ceases  to  increase,  and  possibly  shows  a  falling  off. 

A  great  many  users  look  askance  at  a  high  tensile 
strain  at  short  dates,  as  indicating  an  overlimed  cement,  or 
at  all  events,  one  that  is  so  fully  limed  as  to  contain  an 
element  of  danger ;  although  this  opinion  is  to  a  certain 
degree  well  founded,  it  by  no  means  always  follows  that 
such  is  the  case,  more  particularly  with  the  better  material 
obtained  by  improved  modern  methods  of  manufacture. 


On  the  other  hand,  it  is  by  no  means  safe  to  assume,  as 
some  users  do,  that  a  moderate  tensile  strain  at  seven  days 
is  an  indication  of  soundness,  or  a  moderate  amount  of 
lime,  for  cases  frequently  occur  in  which  a  moderate  or 
low  tensile  strain  is  unmistakably  due  to  incipient  disin- 
tegration. In  such  cases,  of  course,  it  is  only  by  taking 
the  soundness  of  the  sample  in  conjunction  with  the  other 
tests,  that  a  true  opinion  can  be  formed  of  its  quality,  and 
the  matter  is  only  mentioned  with  the  view  of  demonstrating 
how  entirely  erroneous  may  be  the  conclusions  derived  from 
a  single  isolated  test. 

The  manner  in  which  the  sample  is  taken  for  testing 
purposes,  is  a  point  which  does  not  always  receive  the 
consideration  it  deserves.  To  obtain  a  good  average 
sample  of  any  particular  shipment  or  delivery,  it  is  scarcely 
sufficient  to  take  the  whole  or  part  of  only  one  sack  or 
barrel,  as  representing  the  whole  of  the  bulk,  as  that 
particular  sack  or  barrel  may  contain  portions  of  slightly 
damaged  cement,  and  therefore  scarcely  be  up  to  the 
averse;  or,  on  the  other  hand,  it  may  be  rather  better 
than  the  remainder.  It  is  much  more  satisfactory  to  take 
a  sample  from  at  least  ten  or  twelve  sacks,  say  from  every 
too  tons,  and  thoroughly  mix  the  samples  thus  obtained; 
it  is  also  advisable  to  take  the  sample  from  well  down 
into  the  heart  of  the  sack  or  barrel,  and  not  from  the 
mouth  or  surface,  where  it  may  have  become  slightly  air- 
set  or  damaged  by  damp ;  with  this  object  in  view  it  is 
sometimes  stipulated  that  the  sample  shall  be  taken  by 
boring  with  an  augur  into  the  side  of  the  sack  or  barrel. 

It  is  perhaps  hardly  necessary  to  add,  that  the  bag  or 
box  in  which  the  sample  is  placed,  should  be  perfectly 
clean  and  free  from  any  extraneous  matter.  Inattention 
to  this  obvious  detail  once  caused  a  considerable  amount 
of  unnecessary  trouble,  and  very  nearly  led  to  the  cement 
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under  examination  being  condemned.  When  the  sample 
in  question  was  made  up  into  pats  and  briquettes  for  test- 
ing in  the  ordinary  way,  it  was  found  that  circular  stains 
or  blotches,  about  \  inch  in  diameter,  of  a  reddish-brown 
colour,  gradually  formed  on  the  surface  of  the  cement,  an 
hour  or  two  after  gauging ;  in  the  section  of  the  week-old 
briquettes,  soft  areas  were  also  found,  apparently  emanat- 
ing from  the  same  cause,  and  owing  to  these  soft  places, 
the  tensile  strain  developed  was  very  inferior,  while  pats 
examined  for  soundness  showed  decided  signs  of  expan- 
sion. In  sifting  the  sample  in  the  ordinary  way,  to 
ascertain  its  fineness,  one  or  two  crystals  were  noticed 
among  the  coarse  particles,  which,  on  being  cleansed  from 
the  dust  adhering  to  them,  proved  to  be  nothing  more  nor 
less  than  grains  of  ordinary  crystallised  sugar,  and  on 
examination  of  the  bag  in  which  the  sample  arrived, 
similar  crystals  were  found  adhering  to  the  interior  of  it 
Evidently  the  sample  had  been  put  into  an  old  sugar  sack 
that  had  not  been  properly  cleaned,  and  some  of  the  particles 
of  sugar  becoming  detached  during  the  railway  journey, 
mingled  with  the  cement,  and  thus  caused  the  peculiarities 
before  mentioned.  It  is  well  known  that  a  solution  of 
sugar  has  a  very  deleterious  effect  upon  cement,  and  that 
it  was  responsible  for  the  mischief  in  this  instance  was 
proved  by  adding  two  or  three  of  the  grains  found  in  the 
faulty  sample  to  another  cement,  with  exactly  similar 
effects ;  as  a  further  proof,  a  fresh  sample  of  the  original 
cement,  forwarded  in  a  clean  sack,  gave  perfectly  satis- 
factory results. 

The  author  has  more  than  once  received  a  sample  of 
cement  for  testing  purposes,  packed  in  a  box  with  hay  or 
straw,  the  latter  being  used  to  fill  up  the  unoccupied  space, 
with  the  result  that  the  hay  and  cement  became  well  mixed 
during  transit,  and  the  latter  had  to  be  carefully  sifted  out ; 


Introductory 

the  presence  of  various  seeds,  owing  to  the  u 
seed  bags,  is  likewise  not  at  all  an  uncommoi 
Instances  of  inefficient  and   careless   packin 
multiplied    indefinitely,    but    mention    may 
allowed  of  one  particular  case,  in  which  samp 
for  analysis,  and  cement  for  testing  purposes, 
the  same  box.     The  cement  was  in  canvas  bi 
paint  in  tins,  the  cement  bags  being  laid  on  t 
a   small   sprinkling  of  hay   packing  between 
however,  were  without  lids,  and  merely  tied 
thin  paper,  the  result  being  that,  with  the  u 
handling  for  which  railway  carmen   and  em 
notorious,  paint  and  cement  arrived  in  a  vei 
condition. 

The  best  receptacle  for  a  sample,  either  fc 
purposes  or  for  preservation,  is  a  stout,  paper-lii 
box,  tightly  screwed  or  nailed  down,  or  an  er 
tin  with  a  closely  fitting  lid ;  as  an  extra  pr< 
long  distances,  the  latter  might  be  soldered 
thus  rendered  air-tight  and  absolutely  damp- 

The  exact  manner  in  which  the  tests  mentic 
commencement  of  the  chapter  are  applied,  is  a  nr 
often  gives  rise  to  considerable  discrepancies,  e 
user  having  his  own  ideas  on  the  subject,  an< 
insisting  on  their  being  carried  out.  In  th 
pages  it  is  proposed  to  discuss  the  methods  mo2 
used  for  testing  cement,  together  with  some  de 
the  machines  and  apparatus  employed  for  that  ] 


CHAPTER  II 

SOUNDNESS 

The  soundness  of  a  cement  is  the  most  important  feature 
to  be  determined  in  testing  a  sample,  and  it  should  always 
be  first  examined  in  that  direction ;  it  is  very  evident  that, 
no  matter  what  other  excellent  qualities  a  cement  may 
possess,  such  as  being  very  finely  ground,  or  developing  a 
high  degree  of  strength  at  comparatively  short  dates,  if  it 
eventually  expands  or  disintegrates,  it  is  at  once  converted 
into  a  destructive  agent,  instead  of  being  a  constructive 
material. 

The  unsoundness  of  cement  is  generally  due  to  one  of 
two  principal  causes,  viz.  either  to  overliming  or  to  under- 
burning,  both  giving  rise  to  what,  for  want  of  a  better  term, 
may  be  called  "free  lime,"  which  expands  on  hydration 
and  causes  disintegration.  In  the  first  instance,  the  cement 
contains  more  lime  than  can  chemically  combine  with  the 
other  ingredients,  even  after  proper  calcination  ;  in  the 
second  case,  although  it  contains  the  normal  proportion  of 
lime,  it  has  not  been  subjected  to  a  sufficiently  high  tem- 
perature to  enable  that  lime  to  combine  properly  with 
the  other  constituents.  Of  these  two  forms  of  unsound- 
ness, by  far  the  more  insidious  and  deadly  is  that  due 
to  overliming ;  a  cement  that  is  overtimed  is  very  often 
thoroughly  burned,  and  therefore,  being  difficult  of  re- 
duction by  the  grinding  machinery,  the  coarser  particles 
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contain  the  germs  of  destruction,  which  may  not  develop 
for  weeks,  or  even  months,  after  the  cement  has  been  placed 
in  work.  With  an  underbumed  cement,  on  the  other 
hand,  the  clinker  is  soft  and  easily  reduced  to  a  fine  powder, 
and  by  this  means  the  uncombined  lime  is  more  freely 
exposed  to  the  moisture  in  the  atmosphere,  and  thus  more 
readily  slakes  and  purges  itself  of  its  dangerous  property. 
Moreover,  a  cement  that  contains  free  lime  from  under- 
burning,  "  blows  "  in  a  distinctly  different  manner  from  one 
which  is  well  burned  but  overlimed.  The  underbumed 
cement,  if  mixed  with  water  before  it  has  become  sufficiently 
aerated  to  slake  off  the  "  free  "  lime  by  exposure  to  the  air, 
simply  expands  in  the  same  rapid  manner  that  a  cement 
containing  a  small  admixture  of  quicklime  would  do, 
owing  to  the  rapid  hydration  of  the  uncombined  lime  in 
its  composition.  The  damage  is  generally  but  slight,  and 
has  often  run  its  course  in  a  day  or  two.  With  a  cement 
that  is  overlimed  and  well  burned,  on  the  other  hand, 
although  the  finer  particles  may  have  been  sufficiently 
matured  for  the  **  free  "  lime  to  have  become  hydrated,  and 
therefore  harmless,  the  coarser  particles,  or  grit,  which 
contain  the  destructive  properties,  are  less  readily  attacked 
by  the  water,  and  these  particles  subsequently  expanding 
and  disintegrating,  cause  the  mass  itself  to  expand,  and 
sometimes  crumble  to  pieces. 

An  example  of  each  of  the  above  kinds  of  "  blow  "  once 
came  under  the  author's  notice  at  a  cement  works  where 
additional  kilns  were  being  erected.  In  putting  in  the 
concrete  of  a  retaining  wall,  the  workmen  inadvertently 
got  hold  of  some  of  the  underbumed  dust,  which  had  been 
thrown  out  from  an  adjacent  kiln,  which  they  mixed  in 
with  the  rest  of  the  concrete.  The  next  morning  the  face 
of  the  work  showed  decided  cracks  and  signs  of  expansion. 
These  cracks,  however,  developed  no  further  after  the  first 
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two  days,  showing  that  the  hydration  of  the  "  free  lime " 
was  completed  within  that  period.  In  the  other  instance, 
where  the  cement  used  was  evidently  overlimed,  the  cracks 
did  not  show  for  about  three  weeks,  and  then  gradually 
got  worse  and  worse,  till  in  about  four  months'  time  the 
work  had  disintegrated  entirely. 

The  original  method  of  testing  cement  in  this  particular, 
was  to  make  a  thin  pat  with  tapering  edges,  and  place  it 
in  water  as  soon  as  set.  If  at  the  end  of  a  week,  or  other 
given  period,  it  developed  no  cracks  or  alteration  from  its 
original  form,  it  was  considered  sound.  From  personal 
experience  this  method  is  not  by  any  means  reliable,  as 
more  than  one  instance  has  occurred  in  which  pats  thus 
treated  have  been  perfectly  satisfactory  when  examined  at 
the  expiration  of  seven  days,  and  yet,  at  the  expiration  of 
a  longer  period,  both  pats  and  briquettes  have  been  found 
to  exhibit  signs  of  expansion.  Care  must  be  taken,  how- 
ever, to  make  sure  that  the  pat  is  set  hard  before  being 
plunged  in  water,  as  almost  all  slow-setting  cements,  if 
immersed  when  half  set,  will,  within  a  few  hours,  crack  or 
fly  on  the  surface  during  completion  of  setting,  and  fre- 
quently lift  from  the  glass  plate.  Sometimes,  as  a  further 
test,  similar  pats  are  left  in  air  and  others  plunged  into 
water  immediately  after  gauging.  Although,  if  the  cement 
is  in  the  least  unsound,  these  "  plunged  "  pats  will  be  the 
first  to  develop  cracks,  it  does  not  by  any  means  follow, 
if  cracks  do  occur,  that  the  cement  is  therefore  un- 
sound ;  instances  have  recently  come  under  the  author's 
notice,  in  which  plunged  pats  developed  surface  cracks 
within  a  few  hours  of  gauging,  and  yet  the  cement  satis- 
factorily withstood  the  most  drastic  hot-water  tests,  even 
boiling.  In  this  case  it  seems  to  be  a  surface  cracking 
only,  due  to  some  peculiar  effect  of  the  water  on  the  skin 
of  the  cement  during  the  setting  process,  since  the  cracks 
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do  not  penetrate  more  than  \  inch  or  so  below  the  surface. 
Some  2-inch  cubes  composed  of  neat  cement,  and  also  of 
3  to  I  sand  cement  mortar,  plunged  immediately,  did  not 
even  develop  surface  cracks,  indicating  that  these  defects 
would  not  occur  in  practice  with  a  large  bulk  of  concrete 
under  water. 

Although  more  drastic  tests  are  now  very  commonly 
adopted,  the  author  is  still  of  opinion  that  the  most  reliable 
method  of  detecting  real  unsoundness,  is  that  brought 
out  some  thirty  years  ago  by  the  late  Henry  Faija,  and 
commonly  known  as  the  "Faija"  test  for  soundness.  It 
consists  in  subjecting  a  freshly  gauged  pat  to  a  moist  heat 
of  105°  to  1 10°  F.  for  six  or  seven  hours,  or  until  thoroughly 
set,  and  then  immersing  it  in  warm  water  at  a  temperature 
of  115°  to  120"*  F.  for  the  remainder  of  the  twenty-four 
hours.  By  this  means  an  artificial  age  is  imparted  to  the 
cement,  and  any  vicious  qualities  which  it  may  possess  are 
quickly  brought  to  notice.  A  sketch  of  the  apparatus  used 
for  this  purpose  is  shown  in  fig.  50.  It  consists  of  a 
covered  vessel  in  which  water  is  maintained  at  an  even 
temperature  of  from  115**  to  120°  F.  It  will  be  seen  that 
the  space  between  the  two  vessels  is  filled  with  water, 
which  acts  as  a  kind  of  protective  jacket  and  assists  in 
equalising  the  temperature  of  the  inner  vessel ;  the  latter 
being  filled  with  water  only  to  the  height  shown,  the  space 
above  the  water  is  consequently  full  of  the  vapour  arising 
therefrom,  and  is  at  the  required  temperature  of  105*  to 
no''  F.  Immediately  a  pat  is  gauged,  it  is  placed  over 
the  water,  on  the  rack  provided  for  that  purpose,  in  the 
upper  part  of  the  vessel,  where  it  is  left  for  five  or  six  hours 
until  thoroughly  set,  at  the  end  of  which  period  it  is  placed 
bodily  in  the  warm  water.  A  pat  made  in  the  morning, 
and  placed  in  the  warm  vapour  at  once,  may  be  plunged 
in  the  water  towards  the  end  of  the  afternoon,  and  the 
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next  morning  an  opinion  can  be  formed  of  the  soundness 
of  the  sample.  The  author  has  had  a  long  experience  of 
this  apparatus,  having  first  used  it  in  the  laboratory  of  the 
inventor  for  seven  or  eight  years,  subsequently  at  cement 
works,  and  later  in  his  present  practice,  and  he  has  always 
found   it  perfectly  reliable.     If  a  pat  treated   therein   at 
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Fig.  so. 

the  prescribed  temperatures  shows  no  signs  of  cracking  or 
blowing  at  the  end  of  the  twenty-four  hours,  and  adheres 
firmly  to  the  glass  plate  on  which  it  was  made,  the  cement 
may  be  used  with  perfect  confidence ;  it  will  never  "  blow." 
If,  on  the  other  hand,  the  pat  shows  slight  cracks,  or 
blisters  badly  on  the  under  surface  next  the  glass,  it  is  a 
danger  signal,  so  to  speak,  which  should  not  be  disregarded. 
But  before  condemning  the  cement  off-hand,  it  is  as  well  to 
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ascertain  if  these  signs  of  unsoundness  are  due  to  the  really 
bad  quality  of  the  sample,  or  merely  to  its  being  too  fresh 
or  hot,  consequent  on  having  been  recently  ground.  For 
this  purpose  it  is  necessary  to  spread  the  sample  out  in  a 
thin  layer  for  a  day  or  two  in  a  cool  dry  place,  and  then 
try  it  again.  If  on  the  second  trial  the  obnoxious  char- 
acteristics hitherto  developed  have  disappeared,  it  may 
be  safely  assumed  that  the  cement  was  merely  too  fresh, 
and  will  be  safe  to  use  after  judicious  aeration  and 
maturing. 

Particular  care  must  be  taken  that  the  specified  degrees 
of  temperature  are  closely  adhered  to,  as  if  the  temperature 
of  the  water  falls  much  below  115*  F.,  a  faulty  cement 
very  often  goes  undetected,  whereas  if  it  is  allowed  to  rise 
much  above  120**  F.,  a  cement  may  be  condemned  that  will 
give  perfectly  satisfactory  results  in  practice.  To  guard 
against  the  latter  contingency,  a  maximum  thermometer 
is  placed  in  the  bath  before  leaving  for  the  night,  so  that 
any  excessive  temperature  may  be  recorded.  Where  gas 
is  used  as  a  heating  agent,  especially  in  large  towns,  it  will 
generally  be  found  that  the  pressure  increases,  and  conse- 
quently the  temperature  rises,  about  ten  o'clock  at  night, 
i,e.  when  shops  are  being  closed  and  the  consumption  is 
reduced. 

The  following  may  be  cited  as  an  instance  of  the 
importance  of  the  proper  temperature  being  maintained. 
A  cement  sent  to  the  author's  testing  room  for  examination 
and  report  in  the  ordinary  way,  had,  according  to  the 
terms  of  the  specification,  to  withstand  a  temperature  of 
90**  to  100°  F.  without  showing  cracks  or  signs  of  deteriora- 
tion; submitted  to  that  temperature,  the  pats  were  perfectly 
satisfactory,  but  when  subjected  to  the  temperature  of  the 
"  Faija  "  test,  viz.  1 15°  to  120',  the  cement  showed  de^' 
signs  of  expansion.    This  cement  developed  a  '^ 


strain  at  seven  days,  and  the  ordinary  cotd-water  pats 
were  perfectly  satisfactory,  yet  at  the  expiration  of  twenty- 
eight  days,  the  briquettes  had  decreased  in  strength,  and 
showed  distinct  cracks  and  signs  of  incipient  expansion, 
while  at  the  end  of  three  months  they  had  disintegrated 
altc^ether.  Suspecting  at  the  time  some  such  result  from 
the  indications  of  the  "  Faija "  test,  the  precaution  was 
taken  of  spreading  out  some  of  the  cement  to  aerate  for  a 
day  or  two,  until  the  unsatisfactory  indications  previously 
noticed  were  no  longer  developed,  and  then  having  a 
further  set  of  briquettes  made  from  it  for  the  twenty-eight 
days'  test  These  briquettes  were  perfectly  sound  at  that 
date,  and  the  tensile  strain  showed  a  good  increase  over 
that  developed  at  the  seven  days.  This  example  demon- 
strates the  importance  of  adhering  carefully  to  the  requisite 
temperatures,  and  also  shows  the  value  of  cooling  or  matur- 
ing cement  before  use. 

Another  advantage,  by  no  means  inconsiderable,  of  the 
"  Faija "  test,  is  that  it  takes  only  twenty-four  hours  to 
determine  whether  a  given  sample  is  sound  and  fit  for  use; 
whereas  the  ordinary  cold-pat  method  takes  at  least  a 
week,  and  even  then  is  not  always  conclusive.  In  fact, 
speaking  broadly,  if  a  cement  is  well  ground,  and  will 
satisfy  the  requirements  of  the  "  Faija  "  warm-water  test, 
it  is  almost  invariably  good  enough  for  any  constructive 
purposes.  An  American  correspondent,  writing  to  the 
author  a  few  years  ago,  assured  him  that,  as  a  rough 
method  of  testing  cement,  where  expensive  testing  machines 
and  plant  were  not  available,  he  invariably  used  the  "  Faija  " 
test  in  conjunction  with  the  fineness,  and  always  found  the 
results  satisfactory. 

The  hot-water  test  of  M.  Deval  (introduced  at  a  later 
date),  consists  of  treating  pats  of  cement  that  have  been 
left  in  the  air  as  usual  for  twenty^four  hours,  in  a  hot- 
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application  first  of  a  moist  heat,  and  subsequently  of  a  warm 
bath,  the  concrete  attained  the  strength  of  several  weeks  in 
a  few  days ;  one  or  two  cements  were  found  to  give  un- 
satisfactory results  in  this  process,  and  by  observation  it 
was  found  that  those  cements  which  failed  under  the  warm- 
bath  treatment,  afterwards  showed  cracks  and  signs  of 
deterioration  when  treated  in  the  ordinary  way  in  cold 
water,  though  sometimes  it  was  weeks,  or  even  months, 
before  such  indications  developed  sufficiently  to  become 
noticeable.  These  observations  led  the  inventor  to  make 
further  experiments  on  the  subject,  and  the  outcome  of  a 
series  of  careful  experiments  resulted  in  the  apparatus  now 
known  as  the '^  Faija  "  apparatus  for  soundness.  In  1891, 
when  the  merits  of  the  Deval  test  were  somewhat  loudly 
boomed  by  the  technical  press,  Faija  carried  out  an  ex- 
tensive series  of  experiments  as  to  the  comparative  merits 
of  his  own  process,  and  that  of  M.  Deval,  as  regards  the 
tensile  strength  of  cement,  artificially  developed  by  means 
of  a  warm  bath.  The  results  showed  that  there  was  \^xy 
little  difference  between  the  two,  viz.  that  a  temperature  of 
US''  to  120°  F.  imparted  an  artificial  age  to  the  briquette 
equally  well  as  a  temperature  of  176**  F.,  while  the  former 
process  tended  less  to  condemn  a  really  good  and  serviceable 
cement. 

Several  modifications  of  the  Deval  test  have  been 
brought  forward  during  the  last  few  years,  most  of  which 
are  based  on  a  temperature  of  212*"  F.,  or  boiling  point, 
instead  of  176°  F.  The  most  popular  from  the  user's  point 
of  view,  probably  because  it  is  the  easiest  of  application,  is 
to  make  a  pat  about  4  inches  in  diameter  and  \  inch  thick, 
tapering  to  nothing  at  the  edge,  and  allow  it  to  set  in  air 
for  twenty-four  hours,  covered  with  a  damp  cloth ;  it  is  then 
placed  in  a  vessel  of  cold  water,  which  is  gradually  heated, 
until  in  about  half  an  hour  it  is  raised  to  the  boiling  point, 
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and  maintained  at  that  temperature 
after  which  treatment  the  pat  is  t 
cracking  or  deformation,  and  to  bre 
This  is  a  very  drastic  test,  and  th( 
satisfied  with  the  soundness  of  any 
it  satisfactorily,  but  the  author  wou 
condemning  a  cement  for  the  sole  re; 
pass  such  a  test 

A  still  more  severe  test  is  that  devis 
by  Dr  Erdmenger,  in  which  the  pat  is 
under  a  pressure  of  forty  atmospheres, 
siderable  divergence  of  opinion  as  to 
as  a  test  for  soundness,  on  the  see 
necessarily  severe,  the  objection  wou 
greater  force  to  the   Erdmenger  test 
difficult  to  see  what  practical  end  cai 
such  a  fantastic  test,  which  is  so  uttt 
working  conditions.     Another  test  of  t 
the  Heintzel  ball  test,  in  which  a  ball 
soon  as  it  is  set  hard,  is  placed  over  i 
heated  to  dull  redness.      If  the  ball  w 
weeks  to  thoroughly  harden  and  dry  i 
some  value  in  this  test  as  an  indicati 
qualities,  but  as  a  test  for  unsoundness  i 
on  the  absurd. 

A  test  for  expansion  or  contractior 
popular  a  short  time  ago,  was  to  fill  a  tes 
inch  diameter,  with  freshly  gauged  ceme 
an  inch  of  the  top.     If,  at  the  end  of  a  \ 
found  to  be  cracked,  the  cement  was  coi 
unsound  and  developing  expansion  ;  if,  < 
a  few  drops  of  coloured  fluid,  poured  < 
cement,  found  its  way  down   between  1 
cement,  the  sample  was  considered  to 
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This  test  certainly  has  the  merit  of  simplicity ;  but  since, 
according  to  Ganot's  Physics^  the  coefficients  of  linear 
expansion  of  glass  between  i""  and  100''  C.  is  0*000008613, 
and  of  wrought  iron  (which  is  the  same  as  cement)  is 
0*000012204,  it  is  reasonable  to  assume  that  the  cracking 
of  the  tube  may  be  quite  as  frequently  due  to  variations 
in  atmospheric  temperature  as  to  any  inherent  fault  in 
the  cement;  the  same  remark  applies  to  the  so-called 
indications  of  contraction  referred  to  above. 

All  of  the  tests  for  soundness  hitherto  mentioned  and 
described  are  of  a  qualitative  nature,  i,e,  it  is  only  possible 
to  judge  from  the  appearance  of  the  pat  whether  the 
expansion  developed  is  of  a  serious  nature  or  not,  the 
degree  of  expansion  being  entirely  a  matter  of  personal 
observation  and  experience.  A  neat  and  very  well  thought- 
out  method  of  measuring  the  actual  expansion  or  con- 
traction of  cement,  is  that  devised  by  Professor  Bauschinger 
for  testing  bars  100  mm.  long,  and  illustrated  in  fig.  51.  A 
stout  brass  framework  A,  shaped  to  allow  easy  manipula- 
tion of  the  bar  of  cement,  is  arranged  with  two  movable 
points,  which  fit  into  metal  eyes  set  in  the  ends  of  the  bar. 
One  of  these  points  (at  the  right-hand  end,  as  seen  in  the 
diagram)  is  the  point  of  a  vernier  micrometer  B,  of  which 
B  is  the  wheel,  graduated  round  its  circumference  into  100 
parts,  each  of  which  corresponds  to  ^^^  millimetre ;  and  C 
is  the  fixed  scale  divided  into  half  millimetres.  The  other 
point  D,  is  a  long  bent  lever,  pivoted  near  the  point,  and 
bent  upwards  in  a  slender  arm  moving  over  a  scale  F,  and 
kept  in  close  contact  with  the  bar  by  the  spring  E.  The 
object  of  this  lever  arrangement  is  to  ensure  a  perfectly 
accurate  contact  with  both  of  the  clipping  points,  without 
danger  to  the  bar,  if  soft,  or  the  micrometer  screw,  should 
the  bar  chance  to  be  too  hard  to  suffer  damage  in  this  way. 
A  handle  is  fixed  rigidly  on  the  framework  at  the  left  hand, 
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and  a  small  handle  on  the  micrometer  wheel  to  prevent  the 
graduations  wearing  off. 

The  framework  A  ia  lightly  hung  from  a  swing  arm, 
which  allows   free   vertical   movement   of  the  framework 


Fia.  ji. 
carrying  the  bar,  and  is  counter-balanced  by  a  heavy  brass 
weight  at  the  back  end.  The  arm  is  arranged  to  move 
through  the  pivoted  block  at  the  top  of  the  supporting 
column  H,  mounted  on  a  tripod-shaped  base ;  and  is 
adjusted  so  that  when  the  test  bar  is  in  the  clips,  the 
whole  is  evenly  balanced.  A  thermometer  is  hung  close 
to  the  measuring  apparatus,  to  add  corrections  whenever 
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extreme  accuracy  is  desired,  or  a  large  range  of  tem- 
perature met  with.  The  measurement  is  effected  by 
placing  the  bar  or  prism  of  cement  on  the  platform 
provided,  and  after  carefully  cleaning  the  eyes  of  any 
cement  or  other  matter  which  may  have  accidentally 
got  in,  the  point  D  is  placed  in  the  eye  at  that  end, 
and  the  screw  point  is  very  carefully  screwed  into  the 
opposite  eye;  the  screw  is  stopped  when  the  pointer  D 
is  exactly  opposite  the  middle  point  of  the  scale  F.  It  is 
very  often  found  necessary,  however,  to  gently  wriggle  both 
clips  successively  in  the  eyes,  to  avoid  the  points  sticking  in 
the  wrong  place ;  the  same  object  may  also  be  effected  by 
lifting  the  beam,  while  in  the  clips,  off  the  platform,  and 
gently  spinning  it  on  the  points.  The  screw  is  then  twisted 
again  to  readjust  the  needle  D  on  the  centre  of  the  scale  F, 
and  the  reading  taken.  The  reading  on  the  scale  is  easily 
converted  into  the  actual  measurements  of  the  test  prism. 
The  reading  on  C  is  expressed  as  a  whole  number,  say  7, 
and  on  the  wheel  as  hundredths,  say  48 ;  then  the  beam 
actually  measures  7*48  half  millimetres,  i>.  374  millimetres, 
in  addition  to  the  standard  length  from  the  point  of  D  to 
the  point  of  B,  when  the  scales  are  at  zero,  viz.  95  milli- 
metres. Thus  the  bar  measures  95  +  374  millimetres^ 
9874  millimetres. 

Carefully  measured  bars  of  cement  and  wood  are 
supplied,  with  their  lengths,  and  corrections  for  change  of 
length  due  to  variation  in  temperature,  inscribed  thereon, 
which  are  used  to  test  the  accuracy  of  the  graduations,  and 
allow  for  wear  of  the  points  by  use.  The  bars  never  vary 
much  in  length  from  100  millimetres,  and  therefore  the  in- 
crease or  decrease  in  the  length  of  a  bar  is  expressed 
directly  in  percentages. 

This  apparatus  is  also  adapted  for  measuring  the 
expansion  of  cement  after  subjection  to  a  hot-water  bath 
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of  any  desired  temperature,  and  may  thus,  as  with  the  here- 
after described  Chatelier  test,  be  termed  a  quantitative  test 
for  expansion,  in  contradistinction  to  the  ordinary  pat  tests 
which  are  only  qualitative. 
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Another  device  for  measuring  expansion,  is  that  designed 
by  the  well-known  French  scientist,  M.  H.  Le  Chatelier, 
an  illustration  of  which  is  given  in  fig.  52.  This  apparatus, 
now  very  generally  and  widely  known  as  the  Le  Chatelier 
test,  has  been  adopted  as  the  test  for  soundness  by  the 
British  Standard  Specification,  and  also  by  the  French 
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Government,  as  will    be  seen  on  reference  to  the  two 
specifications  in  Appendices  III.  and  V. 

As  will  be  seen  from  the  illustration,  which  is  taken  from 
the  British  Standard  Specification,  the  apparatus  consists  of 
an  expansion  ring,  or  vertically  split  cylinder  of  thin  metal, 
usually  of  spring  brass,  30  millimetres  deep  and  30  milli- 
metres diameter,  and  \  millimetre  thick,  which  acts  as 
the  mould  for  the  cement,  and  the  ends  of  which  butt 
closely  together.  Close  to  each  side  of  the  split  are 
soldered  two  horizontal  brass  needles,  parallel  with  each 
other,  150  millimetres  in  length,  i.e.  the  pointed  ends 
of  which  are  165  millimetres  from  the  centre  of  the  mould. 
If  there  is  any  expansion  in  the  cement,  the  metal  ring 
is  forced  open,  and  the  ends  of  the  needles  serve  as 
indicators  to  show,  in  an  exaggerated  form,  the  opening 
of  the  ring.  The  test  is  performed  by  placing  the  ring 
mould  on  a  slab  of  glass,  and  filling  it  with  neat  cement, 
gauged  in  the  ordinary  way;  it  is  then  covered  with 
another  slip  of  glass,  and  the  whole  apparatus  immersed 
in  water  of  normal  temperature  for  twenty-four  hours. 
The  distance  between  the  points  of  the  wire  arms  is  then 
measured,  and  the  mould  containing  the  cement  is  placed 
in  cold  water,  which  is  brought  to  boiling  point  in  about 
half  an  hour,  and  maintained  at  that  temperature  for  six 
hours.  After  being  allowed  to  cool,  the  measurement 
between  the  points  is  again  taken,  and  the  increase  in 
distance  is  taken  as  the  expansion.  According  to  the 
latest  revised  British  Standard  Specification,  the  expansion 
must  not  exceed  10  millimetres  after  the  cement  has  been 
allowed  to  aerate  for  twenty-four  hours  before  testing,  or 
S  millimetres  after  seven  days'  aeration.  In  the  French 
Government  Specification,  differentiation  is  made  between 
cement  to  be  used  in  sea-water  and  cement  otherwise 
employed ;    for  the   latter    10  millimetres'  expansion   is 
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allowed  by  the  Le  Chatelier  test,  but  in  the  former  only 
5  millimetres  is  permitted,  although  no  mention  is  made 
in  either  case  of  any  allowance  for  aeration,  as  in  the 
British  Standard  Specification. 

The  adoption  of  the  Le  Chatelier  test  by  the  British 
Engineering  Standards  Committee,  as  the  standard  test 
for  soundness,  and  the  issue  of  the  first  standard  specifica- 
tion in  1904  embodying  that  test,  aroused  a  considerable 
amount  of  opposition  amongst  those  interested  in  the 
English  cement  industry.  It  was  contended,  with  some 
show  of  reason,  that  such  a  test  was  unnecessarily  severe, 
and  imposed  a  burden  upon  the  manufacturer  that  he 
ought  not  to  be  called  upon  to  bear,  since  it  has  yet  to  be 
proved  that,  because  a  cement  will  not  withstand  boiling 
water  after  being  allowed  to  set  for  only  twenty-four  hours 
in  cold  water,  it  would  necessarily  prove  unsatisfactory, 
as  regards  expansion,  in  constructional  work  under  normal 
conditions.  The  author  has  always  maintained  that  the 
Le  Chatelier  test  errs  on  the  side  of  severity,  inasmuch 
as  it  frequently  condemns  a  perfectly  good  constructive 
material;  but  it  cannot  be  denied  that  its  enforcement 
under  the  British  Standard  Specification  has  been  in- 
directly responsible  for  a  great  improvement  in  the  general 
quality  of  English  cement.  To  enable  his  product  to  pass 
the  Le  Chatelier  test,  the  British  manufacturer  has  been 
compelled  to  give  much  greater  care  and  attention  to 
the  details  of  his  methods  of  manufacture,  i,e.  more 
thorough  mixing  of  the  raw  material,  more  regular 
and  even  burning  of  the  clinker,  and  finer  grinding  of 
the  cement,  which  has  resulted  in  an  all-round  improve- 
ment in  the  product.  At  the  same  time,  so  many  anomalies 
are  to  be  met  with  in  carrying  out  the  Le  Chatelier  test« 
that  the  results  obtained  by  it  should  not  be  too  rigidly 
interpreted    in    condemning    a    cement.      For    example, 


202 


Portland  Cement  Testing 


instances  have  been  very  frequently  met  with  in  which 
a  sample  gave  a  higher  expansion  after  seven  days'  aeration 
than  after  one  day's  exposure  to  air,  which^  as  an  indication 
of  unsoundness^  is  manifestly  absurd.  In  a  paper  entitled 
"  Notes  on  the  Le  Chatelier  Boiling  Test  for  Cement,"  which 
the  author  had  the  honour  of  reading  before  the  Concrete 
Institute  in  1909,  this  point  was  particularly  referred  to, 
and  the  following  table,  taken  therefrom,  gives  a  few 
instances  of  such  an  anomaly,  taken  from  the  author's 
testing  books  of  that  period. 

Samples  Tested  by  the  Le  Chatelier  Boiling  Test, 
and  showing  increased  expansion  after  aeration. 


Sample. 

Expansion  after 
24  Houn' 
Aeration. 

Expansion  after 

further  6  Days' 

Aeration. 

IncKue. 

I 

7    mm. 

12}  mm. 

si  mm. 

2 

4   .. 

II       „ 

8i    .. 

3 

«i  .. 

7i    „ 

5      .. 

4 

3     > 

5      » 

2      „ 

5 

8      ., 

>5      .. 

7      .. 

6 

I*    « 

4      » 

ai    .. 

7 

I*    .. 

7      ,. 

S\    „ 

8 

+i     . 

7i    .. 

3      >• 

9 

S\   . 

17      » 

"i    „ 

10 

4    . 

6      „ 

4i    .. 

II 

36      . 

48      „ 

12          „ 

12 

8      , 

20^    „ 

14   » 

From  the  point  of  view  of  a  test  for  soundness,  this 
is  an  obvious  absurdity,  since  it  is  a  well-known  and 
thoroughly  acknowledged  fact,  that  cement  improves  with 
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aeration  as  regatxls  soundness ;  it  therefore  very  strongly 
suggests  that  the  increased  expansion  of  such  samples 
upon  boiling  is  due  to  causes  altogether  outside  the 
question  of  soundness,  as  it  is  generally  understood,  ue. 
the  presence  of  disruptive  agencies  within  the  cement 
itself,  which  would  eventually  cause  expansion  under 
ordinary  working  conditions. 

The  first  and  second  editions  of  the  British  Standard 
Specification^  published  in  1904  and  1907  respectively, 
enacted  that  there  should  not  be  more  than  12  and  10 
millimetres'  expansion  respectively  after  twenty-four  hours' 
aeration,  and  not  more  than  6  and  5  respectively  after 
seven  days'  aeration.  In  view,  possibly,  of  the  publicity 
given  to  the  above-mentioned  anomaly  in  the  paper 
referred  to,  the  word  "and"  was  altered  to  "or"  in  the 
next  edition,  i.e,  August  1910,  so  that  the  sample  was 
accepted  if  it  complied  with  the  requirements  either  after 
twenty-four  hours'  aeration  or  after  seven  days'  aeration. 

A  further  point,  which  was  rather  clearly  brought  out 
in  the  above-mentioned  paper,  was  that  the  inability  of  the 
coarse  particles  of  the  cement  to  withstand  boiling  water, 
appeared  to  be  chiefly  responsible  for  the  failure  of  the 
cement  to  pass  the  boiling  test  Five  cements  of  different 
origin  were  taken  and  sifted  through  a  180  sieve;  the 
original  cement,  the  residue  remaining  on  the  sieve,  and 
also  the  fine  material  passing  the  sieve,  were  each  subjected 
to  the  Le  Chatelier  test  under  the  specified  conditions, 
with  the  results  shown  on  the  following  page. 

It  will  be  seen  that  with  the  first  three  samples,  the 
expansion  of  both  the  original  cement  and  the  fine  powder 
passing  the  180  sieve  is  negligible,  while  that  of  the  grit 
retained  on  the  sieve  is  very  considerable.  It  might  be 
mentioned  that  in  all  cases  the  grit  was,  as  might  be 
expected,  very  soft  and  unset  after  twenty-four  hours  in 
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Comparison  of  the  Expansion  of  Cement  and  its  Fine 
AND  Coarse  Particles  (as  Separated  by  180x180 
Sieve)  under  the  Le  Chatelier  Boiung  Test. 


d 

1 

1 

I 

•  •  • 

I 
3 

•  •  • 

2 

•  •  • 

•  •  • 

•  •  • 

2 

7 

Onginal  Sample. 

Residue  on  180-Mesh 
Sieve. 

Fine  Material  passing 
180-Mesh  Sieve. 

1 

Cold  Water, 
24  Hours. 

Boiled. 

Cold  Water, 
48  Hours. 

I        ■ 
BoUed. 

Cold  Water, 
24  Hours. 

BoUed. 

I 

mm. 

r    I 

< 

•  •  « 
< 

^         •  •  • 

< 
I    0 

mm. 
2 

■  •  • 
«  ■  • 

2 

mm. 
♦0 

♦0 

0 

0 

0 

0 

mm. 
22 

i3i 

25 
16 

*4i 
26^ 

mm. 
0 

\ 

•  •  • 
... 
0 

\ 

mm. 

2 

2 

•  •  • 

•  •  • 

3 
4 

2 

1 » 

f    0 

< 

4 
3 

0 
0 
0 

0 

23 
23 

22^ 

0 

\ 

0 
0 

2 

3 
4 

3 

(    0 

3i 
3i 

0 

0 

26 

3ii 

0 

2 
2 

I          HI 

4 

1 

I    3 

43i 
41 

7 
7J 

34i 
34i 

I 

44 
36 

s 

f 

1 

15 
20^ 

22^ 

13J 
i3i 

9i 

4 
0 

2 

'9i 

boiled  out 
of  mould 

34 

16^ 

10 

9 

2 
I 

2 

*  Cold  water  only  24  hours  before  boiling. 
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cold  water,  and  therefore,  after  the  first  two  experiments, 
it  was  allowed  a  further  twenty-four  hours  in  the  cold 
water  before  being  subjected  to  boiling;  even  after  boiling, 
it  was  still  more  or  less  soft  and  unset,  and  in  some  cases 
had  a  marked  tendency  to  boil  out  of  the  moulds,  so  that 
it  is  a  little  surprising  that  such  soft  unset  material  should 
cause  the  mould  to  expand  to  such  a  very  considerable 
extent. 

Sample  4  is  chiefly  remarkable  for  the  high  expansion 
shown  by  all  three — i.e.  original  cement,  grit,  and  flour — 
although  that  of  the  grit  is,  in  this  case,  considerably  less 
than  either  original  cement  or  flour.  Sample  No.  5  is  one 
which  develops  a  very  high  expansion  in  the  preliminary 
cold  water, as  well  as  about  12  millimetres  after  boiling; 
the  fine  material,  on  the  other  hand,  shows  an  average 
of  less  than  2  millimetres'  expansion  after  boiling,  but 
12  millimetres  in  the  cold  water,  while  the  grit  shows 
practically  nothing  in  cold  water,  and  a  very  high  ex- 
pansion after  boiling.  This  sample  strongly  supports 
the  theory  that  the  grit  is  chiefly  responsible  for  the 
expansion  in  the  original  cement. 

While  on  this  point,  it  may  be  interesting  to  refer  to 
earlier  researches  in  1898,  from  which  extracts  are  given 
on  page  212,  showing  that  the  tendency  of  the  cement 
to  develop  expansion  or  blowing,  is  altogether  overcome 
by  extreme  fine  grinding;  instances  are  there  given  of 
cements  which,  at  ordinary  commercial  fineness  were  quite 
unsound,  and  which  were  rendered  perfectly  satisfactory  in 
this  respect  after  regrinding,  so  as  to  practically  all  pass 
the  180  sieve. 


CHAPTER  III 

FINENESS 

Next  in  importance  to  the  soundness  of  a  cement,  the 
author  would  rank  the  fineness  to  which  it  is  ground,  as 
it  is  very  evident  that  the  finer  a  sample  is  ground,  the 
greater  will  be  its  covering  power,  and  therefore  the 
greater  its  value  as  a  cementing  material,  to  say  nothing 
of  the  other  inherent  advantages  of  fine  grinding. 

The  fineness  of  a  cement  is  ascertained  by  sifting  a 
given  weight  through  a  sieve  or  sieves  composed  of  brass 
wire  gauze,  having  a  given  number  of  meshes  per  square 
inch.  For  practical  purposes,  it  will  be  found  sufficient  to 
take  ICO  grammes,  and  after  sifting  until  no  appreciable 
further  quantity  can  be  got  through,  the  residue  is  weighed, 
the  weight  in  grammes  of  course  representing  the  percent- 
age of  residue  retained  by  the  sieve  used.  When  the  fine- 
ness on  two  or  more  sieves  is  to  be  ascertained,  it  is  usual  to 
sift  through  the  finest  one  first,  and  treat  the  residue  retained 
on  each  sieve  through  the  next  in  point  of  coarseness,  till 
the  coarsest  one  is  reached.  This  method  is  accurate 
enough  for  all  practical  purposes,  but  where  extreme  ac- 
curacy is  required,  it  becomes  necessary  to  take  a  fresh 
quantity  of  cement  for  each  sieve,  as  by  the  attrition  of 
the  particles  one  upon  the  other  in  prolonged  sifting,  their 
diameter  is  slightly  reduced,  and,  as  shown  hereafter,  an 
unduly  favourable  result  is  obtained. 

206 


Fineness  207 

The  percentage  of  residue  by  measure  is  a  method  very 
often  adopted  in  cement  works  by  the  miller,  or  man  in 
charge  of  the  grinding  machinery,  to  ascertain  if  the  cement 
passing  to  the  warehouse  is  of  the  desired  degree  of  fine- 
ness. For  this  purpose  two  measures  are  used,  preferably 
composed  of  brass  or  other  convenient  metal,  as  less  liable 
to  breakage,  the  larger  one  having  a  capacity  of  about  half 
a  pint,  and  the  smaller  one  holding  exactly  one-tenth  the 
quantity  of  the  larger ;  the  smaller  measure  is  divided  into 
tenths,  by  means  of  a  vertical  strip  of  metal  marked  off  into 
ten  equal  divisions,  fixed  to  the  inside,  and  reaching  from 
the  top  to  the  bottom.  The  larger  measure  is  lightly  filled 
with  cement,  and  the  contents  sifted  through  the  required 
sieve ;  the  residue  is  then  measured  in  the  smaller  one,  each 
subdivision  representing  i  per  cent,  by  measure.  This,  of 
course,  is  only  an  approximate  method  of  ascertaining 
the  fineness,  as  the  result  depends  largely  upon  the  light* 
ness  with  which  the  measure  is  filled  in  the  first  instance, 
and  also,  in  a  lesser  degree,  on  the  amount  of  shaking  the 
residue  in  the  smaller  measure  receives,  before  its  height 
is  read  off.  It  is,  however,  sufficiently  accurate  to  serve 
as  a  guide  to  the  miller,  and  it  obviates  the  use  of  scales, 
which,  in  the  dusty  atmosphere  of  a  cement  mill,  would 
not  long  retain  their  accuracy. 

Fine  grinding  is  a  matter  in  which  Continental  manufac- 
turers were  for  a  long  while  ahead  of  their  English  competi- 
tors ;  but  the  latter  have  for  some  time  past  become  alive 
to  the  fact  that,  if  they  wished  to  maintain  their  position  in 
the  Transatlantic  and  other  markets,  they  must  improve 
the  grinding  of  their  manufacture,  and  consequently  they 
have  taken  vigorous  steps  in  that  direction.  Not  so  many 
years  ago,  10  per  cent,  on  a  50  sieve,  and  20  per  cent,  on  a 
76  sieve,  was  considered  a  well-ground  cement ;  but  now  a 
number  of  our  principal  manufacturers  habitually  grind 
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Fineness 

down  to  less  than  lo  per  cent,  on 
a  trace  of  residue  on  a  76  sieve, 
preceding  page,  taken  indiscrimin 
books  of  1880,  1890,  1895,  1900,  19c 
teresting  on  this  point,  as  showing  th 
taken  place  in  regard  to  fineness  dur 

A  point  which  is  often  overlookec 
fineness,  is  the  thickness  of  the  wi 
is  composed,  as  it  is  very  evident  tb 
used,  the  smaller  will  be  the  aperti 
cement  has  to  pass,  and  vice  versd 
was  no  agreement  upon  this  mati 
when  he  specified  it  at  all,  specifyinj 
which  met  his  fancy,  and  the  result, 
point  of  view,  was  frequently  very  a 
was  dealt  with  by  the  author  a  few  y( 
the  subject,  from  which  the  following 

"The  thickness  of  wire  of  the 
adopted  by  the  late  Henry  Faija,  and 
by  the  author,  was  as  follows : — 


No.  of  Sieve. 

New  Standard 
Wire  Gauge. 

Thici  [ 
V 

sieve 

ii  ( 

SOX    50 

35 

*c  : 

70  X    70 

38 

•c  : 

76  X    76 

39 

•c: 

Sox    80 

39 

•c: 

100  X  loo 

41 

0: 

I20X  120 

43 

•0: 

180 X 180 

45 

•0: 

200  X  200 

46 

•0: 

*  Proceedings,  Society  of  Engineers, 
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^'On  the  Continent,  and  in  America,  the  standard 
adopted,  for  the  sake  of  uniformity,  is  that  the  thickness  of 
the  wire  shall  be  one-half  the  size  of  the  opening — 4.e.  in 
a  sieve  having  lOO  holes  per  lineal  inch,  the  size  of  the 
opening  would  be  ^  of  y^^j  =  *oo66  inch,  and  the  thickness 
of  the  wire  of  the  gauze  J  of  tJxj^'^^33  ^"^^^  Being  the 
only  standard  of  the  kind  in  existence,  and  in  order  to 
bring  his  results  into  line  with  Continental  and  American 
practice,  the  author  has  recently  adopted  this  standard  in 
his  testing  rooms.  The  following  table  gives  the  thickness 
of  wire  of  the  various  sieves,  and  the  corresponding  size  of 
the  aperture": — 


No.  of  Sieve. 

New  Standard 
Wire  Gauge. 

Thickness  of 
Wire. 

Width  of 
Opening. 

sieve 
50  ><    SO 

37 

inch 
•0068 

inch 
•0132 

70  X    70 

40 

'0048 

•009s 

76  X    76 

41 

'0044 

•0087 

Sox    80 

4ii 

'0042 

•0083 

100  X 100 

44 

•0032 

•0067 

120 X 120 

45 

*0028 

•005s 

180 X 180 

47i 

•0018 

•0037 

200  X  200 

48 

•0016 

•0034 

Since  the  introduction  of  the  British  Standard  Specifica- 
tion, this  discrepancy  has  been  remedied,  so  far  as  the 
thickness  of  wire  of  the  two  sieves  specified  is  concerned, 
that  of  the  1 80  being  fixed  at  '002  of  an  inch,  and  of  the 
76  at  '0044.  It  will  be  observed  that  the  former  differs 
slightly  from  the  table  given  above,  although  the  latter  is 
in  exact  agreement. 

Another  matter  which  will  make  considerable  difference 
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in  the  results  obtained  in  sifting  cement  through  a  given 
sieve,  is  the  duration  of  the  shaking  or  sifting  process. 
About  ten  minutes'  vigorous  shaking  and  tapping  is 
generally  sufficient  to  get  through  all  the  finer  particles 
that  really  pass  the  sieve ;  if  continued  for  half  an  hour, 
weighable  portions  will  still  pass  the  sieve,  but  the  par- 
ticles which  pass  the  sieve  after  such  prolonged  shaking 
and  sifting  do  not  really  represent  the  actual  fineness  of 
the  cement  and  the  work  done  by  the  comminuting  ma- 
chinery, but  are  rather  due  to  the  attrition  of  the  particles 
one  upon  another  during  the  operation  of  sifting,  by  which 
they  are  reduced  sufficiently  for  some  small  portion  to  pass 
through  the  sieve.  As  an  experiment  in  this  direction,  10 
oz.  of  cement  were  sifted  in  an  80  sieve  for  an  hour, 
weighing  the  residue  at  intervals  of  ten  minutes,  the  results 
of  which  were  as  follows : — 

per  cent. 

After  10  minutes'  sifting  the  residue  was  13*5 
20  „  „  13-0 

40  „  „  121 

50  »  »»  "'9 

60  „  „  117 

This  source  of  error  has  been  recognised  and  dealt  with 
by  the  British  Standard  Specification,  which  enacts  that 
"  100  grammes  (4  oz.  approximately)  of  cement  shall  be 
continuously  sifted  for  a  period  of  fifteen  minutes." 

In  checking  the  number  of  holes  per  lineal  inch  which 

a  given  sieve  contains,  it  must  not  be  forgotten  that  the 

stretching  of  the  gauze,  in  the  making  of  a  sieve,  will 

very  often  cause  an  appreciable  difference  in  the  number 

of  holes  contained  in   it     For  making  sieves  of  a  fine 

mesh,  it  will  be  found  a  very  convenient  plan  to  have  a 

square  wooden  frame  about  3  inches  deep,  composed  of  half- 
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inch  material,  and  simply  fix  the  gauze  to  the  bottom  of  it, 
by  screwing  a  slip  of  wood  along  the  bottom  edge.  In  this 
way  there  is  no  fear  of  the  gauze  being  stretched,  as  is  often 
the  case,  in  forcing  the  larger  hoop  over  the  smaller  one, 
when  putting  together  a  round  sieve  in  the  usual  manner. 

It  must  not  be  forgotten  that,  in  addition  to  the  increased 
covering  power  imparted  to  the  cement  by  fine  grinding, 
the  danger  of  blowing  or  of  disintegration  is  also  obviated 
to  a  very  great  extent ;  for  the  finer  the  powder,  the  more 
readily  the  moisture  in  the  atmosphere,  or  the  water  used 
for  gauging,  can  hydrate  and  render  innocuous  any 
unstable  lime  compounds,  which  would  otherwise  be  con- 
fined within  the  coarse  particles,  and  therefore  the  less 
the  chance  of  future  disintegration,  caused  by  the  water 
eventually  penetrating  and  causing  these  unstable  lime 
compounds  to  hydrate  and  expand.  Special  reference  to 
this  point  will  be  found  in  a  paper  by  the  author  on  the 
finer  grinding  of  Portland  cement,^  from  which  the  follow- 
ing results  and  extracts  are  quoted : — 


• 

e 

a 

Fineness-Residue  on 

Sieves  of  Holes 

per  Lineal  Inch. 

Pat  Treated  in  the 
Faija  Apparatus 
for  Soundness. 

o 

180 

76 
7-6 

nil 

30 
nil 

i6'o 
nil 

50 

L 

As  received    from 
manufacturer 

Reground   to  pass 
1 80  sieve 

24-4 

trace 

15 
nil 

Blown. 
Sound. 

P 
1) 

As  received .     .     . 
Reground  as  above 

i8-o 
0-4 

0-8 
nil 

36 

nil 

Badly  blown. 
Very  slightly  blown. 

Q 

As  received .     .     . 
Reground  as  above 

34-8 
1-6 

Badly  blown. 
Sound. 
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The  sample  which  first  su^ested  the  beneiicia]  eflTect 
of  fine  grinding,  with  r^ard  to  soundness,  was  cement  L. 
It  will  be  seen  that,  as  received  from  the  manufacturer 
in  its  comparatively  coarse  condition,  it  showed  signs  of 
blowing  in  the  Faija  apparatus  for  soundness,  but  after 
being  ground  extremely  fine,  these  indications  were  no 
longer  developed,  showing  that  the  finer  grinding  bad 
rendered  it  perfectly  sound.  Efforts  were  thereupon  made 
to  procure,  and  similarly  treat,  further  samples  of  unsound 
cement,  in  order  to  corroborate  or  otherwise  this  some- 
what surprising  result.  A  firm  of  manufacturers  kindly 
undertook  to  prepare  a  sample  of  overlimed  and  utterly 
worthless  cement,  which  is  designated  P  in  the  table. 
Figs.  53  and  54  are  full-size  photc^raphs  of  the  pats 
made  from  this  cement,  under  exactly  similar  conditions, 
before  and  after  extreme  fine  grinding,  which,  by  kind 
permission  of  the  Institution  of  Civil  Engineers,  have  been 
reproduced.  The  results  speak  for  themselves,  but  it 
is  worthy  of  note  that  the  few  slight  cracks  visible  in 
the  pat  made  from  the  finely  ground  cement,  were  pro- 
duced in  the  warm  moist  air  of  the  apparatus,  and  de- 
veloped no  further  after  being  placed  in  the  warm  water. 
This  suggests  that  the  slight  expansion  developed  was  due 
to  the  immediate  hydration  of  the  uncombined  lime,  whic' 
by  extreme  fine  grinding  was  exposed  to  the  action  of  f 
water  used  for  gauging,  while  the  disastrous  resultr 
Fig.  50  were  due  to  the  gradual  hydration,  and  consec 
expansion,  of  the  free  lime  in  the  interior  of  the  ' 
particles. 

Figs  55  and  56  show  pats  of  cement,  Q,  under 
similar  conditions.     This   sample,  received  for  ' 
the  ordinary  course  of  practice,  was  made  frr 
tremely  hard  chalk.    Owing  to  this  chalk  b- 
ciently  reduced  in  the  preliminary  proces.' 


[nation  of  the  raw  materials,  a  decidedly  unsound  cement 
resulted,  that  is,  when  ground  to  the  ordinary  degree  of 
6nenesa ;  it  will  be  seen,  however,  that  extreme  fine  grind- 
ing rendered  it  perfectly  sound.  It  may  be  interesting  to 
add,  in  corroboration  of  the  results  of  the  Faija  test,  that 
the  briquettes  prepared  from  the  original  cement  were 
badly  blown  at  twenty-eight  days,  while  at  three,  six,  and 
twelve  months  they  were  too  much  swollen  and  disin- 
tegrated to  go  into  the  clips  of  the  testing  machine,  and 
almost  fell  to  pieces  on  handling.  It  is  needless  to  remark  . 
that  such  a  cement  would  be  worse  than  useless  as  a  con- 
structive material,  for  its  subsequent  disintegration  would 
bring  about  the  downfall  of  any  building  in  which  it  might 
be  used. 

Another  effect  of  fine  grinding,  though  it  is  not  perhaps 
such  a  satisfactory  one,  is  that  it  renders  the  cement  con- 
siderably quicker  setting ;  this,  on  a  second's  considera- 
tion, is  very  easily  explained,  and  only  to  be  expected.  The 
setting  of  cement,  according  to  Le  Chatelier,  is  due  to  the 
water  dissolving  out  the  more  soluble  parts  of  the  powder, 
and  forming  a  super-saturated  solution,  which  subsequently 
deposits  crystals,  and  gradually  forms  a  solid  mass.  Ob- 
viously, therefore,  the  finer  a  cement  is  ground,  the  more 
readily  the  water  can  act  on  the  soluble  portions,  and  the 
quicker  setting  it  becomes.  Further  remarks  on  this  point, 
together  with  some  experiments  thereon,  will  be  found  in 
Chapter  V.,  pp.  269,  etc 

In  all  text-books  00  the  subject,  it  is  stated  that  the 
impalpable  powder  only  is  the  active  part  of  a  cement,  the 
coarser  particles  being  practically  an  adulteration,  and  of 
no  more  value  than  so  much  sand.  The  author  had  never 
ascertained  this  fact  for  himself,  and  was  content  to  accept 
it  as  such,  until  one  day  its  accuracy  was  challenged  by  a 
gentleman  who  was  interested  in  cement  matters.    This  led 


the  author  to  make  an  experiment  on  the  subject,  and  he 
found  that,  although  the  coarse  residue  had  no  setting 
power  in  the  proper  sense  of  the  term,  it  undoubtedly  had  a 
certain  amount  of  cohesive  power,  tvhen  placed  in  a  mould 
and  left  under  water  for  some  considerable  time,  even  after 
the  particles  had  been  previously  thoroughly  washed,  to 
remove  any  trace  of  flour  or  powder  which  might  have 
adhered  to  them.  Briquettes,  composed  of  coarse  particles 
only,  developed  a  tensile  strain  at  twelve  months,  ranging 
from  i6o  to  330  lbs.  per  square  inch,  according  to  the  size 
of  grit  employed.  These  results  induced  him  to  institute  a 
further  series  of  experiments,  which,  with  the  above,  were 
embodied  in  the  paper  just  previously  mentioned,'  from 
which  the  table  (p.  216)  and  extracts  are  taken. 

The  four  cements  experimented  with  were  specially 
chosen  as  representing  English  manufacture,  emanating  re- 
spectively from  the  principal  factories  at  Rugby,  Northfleet, 
Grays,  and  the  Medway.  It  will  be  seen  that  in  each  case 
the  value  of  the  particle  is,  roughly,  inversely  proportional 
to  its  diameter,  t.e.  the  larger  the  particle,  the  less  its  com- 
parative value.  I  f  the  section  of  a  briquette  thus  composed 
is  examined  under  the  microscope,  the  particles  appear 
to  be  surrounded  by,  and  cemented  together  with,  a  white 
crystalline  deposit.  Figs.  57  and  58  are  photo-micrc^aphs, 
magnified  about  twenty  and  forty  diameters  respectively, 
of  a  section  of  a  briquette,  composed  of  particles  which 
passed  through  a  76  by  76  sieve  and  were  retained  on  a 
100  by  100  sieve.  Owing  to  the  uneven  surface  of  the 
section,  the  focussing  of  the  higher-power  photograph  is 
not  altogether  satisfactory,  but  fig.  57  gives  a  very  good 
idea  of  the  manner  in  which  the  particles  arc  surrounded 
by,  and  cemented  together  with,  the  white  deposit.  This 
deposit  was  separated  in  one  or  two  cases  and  subjected 
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Table  showing  Relative  Value  of  Coarse  Particles  of 
Cement.  Particles  thoroughly  Washed  before  being 
PLACED  in  Moulds  under  Water. 


Tensile  Strength  in  Lbs. 

per 

8 

Size  of  Coarse  Particles. 

How  Treated. 

Square  Inch. 

I 

38 

3 

6 

xa 

days. 

months. 

months. 

months. 

F 

/  Retained     on    50  \ 
1      sieve  .     .     .     .  / 

/  Placed  immedi-  \ 
\  ately  in  water  j 

•  •  • 

95 

130 

}i 

]  Passed  50  and  re- 
\     tained  on  76 

If          If 

■  ■  • 

120 

170 

i» 

{  Passed  76  and  re- 
1      tained  on  120   . 
/  Passed  120  and  re- ' 

II           II 

t  •  • 

•  ■  ■ 

245 

300 

t  Tr\ 

360 

If 

tained  on  180   . 

II          II 

•  •• 

310 

/  Entire  residue  re-  \ 

f) 

tained  on  180    . 

II           II 

150 

230 

290 

G 

f  Retained     on    50 ' 
1      sieve  .     .     .     .   " 

/  Placed  immedi-  \ 
\  ately  in  water  / 

■  •  • 

47 

70 

f» 

'  Passed  50  and  re- 
tained on  76 
Passed  76  and  re- ' 

II          It 

•  •  • 

105 

16S 

»» 

1      tained  on  120    . 
1  Passed  120  and  re- 

II          II 

■  •  « 

«75 
185 

300 
410 

i» 

\     tained  on  180   . 

II          II 

•  •  • 

11 

/  Entire  residue  re-  \ 
\     tained  on  180   .  j 

II          II 

48 

133 

»  •  • 

158 

262 

H 

/  Retained     on    50 ' 
\     sieve  .     .     .     . 

/  Placed  immedi-  \ 
\  ately  in  water  J 

•  •  • 

92 

145 

II 

Passed  50  and  re- 
tained on  76     . 

II           II 

•  •• 

•  •  • 

132 

235 

II 

Passed  76  and  re-  \ 
tained  on  120    .  / 

II           II 

•  •  • 

■  •  • 

200 

385 

If 

'  Passed  120  and  re- 
tained on  180   . 

ti          II 

•  •  • 

•  •  • 

280 

360 

If 

Entire  residue  re-\ 
\     tained  on  180   .  f 

»i          II 

72 

142 

212 

272 

I 

/  Retained     on    50  \ 
\     sieve  .     .     .     .  f 

/  Placed  immedi-  \ 
\  ately  in  water  j" 

•  •• 

«  •  • 

47 

85 

If 

{  Passed  50  and  re-  \ 
\     tained  on  76     .J 

II           II 

•  •• 

•  •  • 

80 

145 

If 

/  Passed  76  and  re-  \ 
\     tained  on  120    .  / 

II           II 

•  •  t 

•  «  • 

122 

225 

If 

Passed  120  and  re- 
tained on  180   . 

II           II 

•  •  ■ 

■  •  • 

280 

430 

fi 

'  Entire  residue  re- 
tained on  180    . 

II           II 

53 

1 10 

170 

260 

Fineness 

to  chemical  analysis,  which  showed  \ 
aluminate  of  lime.     From  the  pre  i 
logical  to  infer  that  the  outer  surl  i 
particle  is  dissolved  off  by  the  watei 
ingredient ;  and  as  the  smaller  the  c  i 
the  larger  the  area  of  outer  surfai  i 
solvent  action   of  the  water  with  : 
greater  is  the  relative  value  of  those  | 
doubt  that  if  reduced  below  a  cert  i 
of  the  particle  would  be  acted  u] 
would  contain  no  internal  inert  mat  i 
this  result  would  be  produced,  has 
It  seems  fair  to  assume,  from  the    i 
that    those  particles  which   pass  2 
retained  by  a  180  sieve,  very  nearly 
for,  notwithstanding  the  severe  trc ; 
were  subjected  to  remove  any  trace  1 
developed   nearly  60  per  cent,  of 
original  neat  cement  at  twelve  mont : 
The  coarse  particles  being  pro^ 
value,  it  seemed  a  reasonable  theory 
corporation  and  combination  might 
for  the  gradual  increase  in  strength 
power,  which  is  the  essential  feature 
that  therefore  by  extreme  fine  grindi 
attains  its  greatest  strength  in  a  shoi 
strength    of   coarse    and   fine    cemi 
identical.     The  table  on  page  218,  v 
same  series  of  experiments,^  shows  t 
general  characteristics    of   the    fou 
mentioned  under  the  following  condi 

1,  As  received  from  the  manufacti 

2.  Reground  so  as  to  practically  all 
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J, 
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ll 

ii 
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1 

■s 

.a 
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O  ;  : 
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L-J 

3.  Alt  particles  that  would  not  pass  a  i8o  sieve  ex- 
tracted, and  grains  of  sand  of  a  similar  fineness  substituted. 
Although  the  results  support  the  theory  previously  put 
forward  to  a  certain  extent,  they  conclusively  demonstrate 
the  immense  superiority  in  cementitious  value  of  a  finely 
ground  cement  over  a  coarse  one.  Briefly  summarised, 
they  show  that,  by  extreme  fine  grinding,  its  cohesive 
power  is  diminished,  but  its  adhesive  power  or  cementitious 
value — as  demonstrated  by  its  power  of  cementing  together 
particles  of  sand — is  immensely  increased.  The  extraction 
of  the  coarser  particles,  and  substitution  of  grains  of  sand, 
corroborates  the  opinion  that  the  coarser  particles  have  a 
slight  though  specific  value,  for  in  several  cases  both  the 
cohesive  and  adhesive  power  of  the  material  is  diminished 
by  their  removal. 

An  instance  of  the  latent  cementitious  value  of  the  coarse 
particles  in  an  ordinary  cement  briquette  was  brought 
forward  by  Mr  G.  L.  Anderson  in  the  course  of  the 
discussion  on  the  author's  paper  on  Kentish  Rag  admix> 
ture.'  Mr  Anderson  experimented  with  some  briquettes 
about  a  year  old,  made  of  cement  which  had  originally 
been  ground  to  about  5  per  cent,  on  a  50  sieve.  He 
simply  ground  them  up  again,  without  any  recalcination  or 
other  treatment,  so  as  to  all  pass  a  76  sieve  and  leave  only 
16  per  cent  on  a  180  sieve,  and  tried  what  strength  could 
be  got  from  the  powder  thus  produced.  He  was  astonished 
to  find  that  he  got  results  which  would  satisfy  any 
ordinary  specification,  thus  showing  that  the  unexhausted 
cementitious  energy  in  the  residue  itself  was  equal  to  the 
requirements  of  most  specifications  of  the  present  day. 
The  figures  were  as  follows :  Neat  briquettes,  i  square  inch 
section,  stood,  at  seven  days,  403  lbs.;  at  28  days, 415  lbs. ; 
at  three  months,  435  lbs. ;  at  six  months,  444  lbs. ;  at 
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twelve  months,  452  lbs.  The  three  to  one  sand  ^est  was 
the  most  remarkable — at  28  days,  224  lbs. ;  at  three  months, 
300  lbs. ;  at  six  months,  404  lbs. ;  at  twelve  months,  432 
lbs.  These  results  show  very  clearly  that  the  interior 
portion  of  the  coarser  particle  is  practically  unacted  upon 
by  the  water,  at  all  events  at  the  end  of  a  year,  and, 
upon  being  broken  up  fine  enough,  it  performs  the  same 
function  as  the  finer  cement  would  do  in  the  first  instance. 
The  results  obtained  from  the  neat  briquettes,  however, 
seem  to  corroborate  the  theory  just  previously  put  forward 
by  the  author,  as  to  the  gradual  incorporation  and  combina- 
tion of  the  coarser  particles  being  responsible  for  the 
gradual  increase  in  strength  with  age,  since  in  this  case  the 
coarse  particles  have  all  been  reduced,  and  the  increase 
at  the  several  dates  of  testing  is  abnormally  small. 

It  must  not  be  forgotten  that,  although  a  fine  cement  is 
undoubtedly  of  more  value  than  a  coarse  one,  fine  grind- 
ing means  increased  expense  to  the  manufacturer,  and 
therefore,  for  a  specially  fine  cement,  he  is  entitled  to  a 
correspondingly  higher  price.  Not  only  is  it  more 
expensive  as  regards  consumption  of  engine  power,  etc., 
but  it  also  reduces  the  output  of  the  works ;  finer  grind- 
ing, therefore,  from  a  manufacturer's  point  of  view,  means 
either  expenditure  of  capital,  in  providing  increased  grind- 
ing plant,  or  reduction  in  output.  Some  twenty  years  ago, 
when  a  cement  leaving  about  10  per  cent,  on  a  50  sieve 
was  considered  a  very  fair  commercial  article,  it  was  found 
that  by  reducing  the  fineness  to  5  per  cent,  on  a  50,  to  meet 
a  special  specification,  the  output  of  the  millstones  was 
reduced  from  about  r33  ton  per  hour  to  barely  i  ton,  or, 
in  other  words,  to  maintain  the  output,  an  increase  of  33 
per  cent  in  the  grinding  plant  was  required. 


CHAPTER   IV 
TENSILE   STRENGTH 

The  object  of  testing  the  tensile  strength  of  cement  is, 
prioiarily,  to  ascertain  the  strength  which  it  will  develop 
within  a  certain  time,  and,  secondarily,  by  comparing  the 
increase  in  strength  between  the  different  dates  of  testing, 
to  enable  some  opinion  to  be  formed  of  the  ultimate 
strength  likely  to  be  attained  by  it.  It  is  obvious  that  a 
cement  which  develops  a  moderate  strength  at  the  end  of 
a  week,  and  shows  an  increase  of  25  per  cent  at  the  end 
of  twenty-eight  days,  is  likely  to  attain  a  greater  ultimate 
strength  than  one  which  shows,  say,  a  30  per  cent  higher 
strain  at  seven  days,  and  develops  practically  no  increase 
at  all  at  the  twenty-eight  days.  The  tensile  strain,  there- 
fore, at  one  date  only,  is  not  much  of  a  criterion  as  to  the 
value  of  a  sample,  and  tests  should  be  made  at  least  at  two 
dates,  so  that  the  "  growing  power  "  of  the  sample  may  be 
ascertained. 

Until  the  introduction  of  the  British  Standard  Specifica- 
tion, in  which  only  seven  and  twenty-eight  days'  tests 
are  specified,  it  was  the  custom  to  ascertain  the  tensile 
strength  at  three,  seven,  and  twenty-eight  days  from  the 
time  of  gauging,  and  the  increase  in  strength  between 
those  dates  enables  a  fairly  good  opinion  to  be  formed  of 
the  value  of  the  cement  Although  not  included  in  the 
British  Standard  Specification,  a  test  at  three  days,  c 


222  Portland  Cement  Testing 

other  short  date,  frequently  gives  valuable  information  as 
to  the  earlier  hardening  properties  of  a  sample,  upon  which 
the  seven  days'  test  throws  no  light.  Instances  have 
frequently  occurred  in  the  author's  practice,  in  which  a 
cement  has  given  perfectly  normal  results  at  seven  days, 
yet  at  three  days  has  been  extremely  weak.  The  result 
has  been,  that  in  actual  work,  the  hardening  of  the  concrete 
has  been  so  slow  that  the  progress  of  the  structure  has 
been  seriously  retarded,  and  in  more  than  one  instance,  the 
contractor  has  been  compelled  to  pull  out  and  reconstruct 
the  work.  The  value  of  a  short-date  test  is  apparently 
fully  recognised  in  America,  for  it  will  be  observed  on 
reference  to  the  American  Standard  Specification  in  the 
Appendix,  that  a  one-day  test  is  specified,  and  the  author 
has  met  with  more  than  one  instance  of  a  cement  failing 
to  develop  the  moderate  one-day  strength  of  150  lbs 
therein  specified.  As  a  rule  the  failure  has  apparently 
been  due  to  imperfect  grinding,  since  such  samples  have 
generally  possessed  that  short,  gritty  nature  under  the 
trowel,  characteristic  of  insufficient  impalpable  powder  or 
flour. 

In  making  briquettes  for  testing,  much  depends  upon 
the  skill  of  the  operator  as  to  the  nature  of  the  results 
obtained,  and  it  should  at  once  be  distinctly  understood 
that  such  work  is  that  of  a  skilled  operator,  and  should 
not,  as  is  too  often  the  case,  be  delegated  to  an  ordinary 
bricklayer's  labourer.  To  quote  Faija,  in  testing  the  tensile 
strength  of  a  cement, ''  it  must  be  premised  that  the  object 
is  to  obtain  the  very  best  results  possible,  compatible  with 
certain  rules  which  custom  has  laid  down,  and  which  may 
therefore  be  considered  as  a  fair  test."  With  this  the 
author  fully  concurs,  and  he  maintains  that  the  object  of  a 
laboratory  test  in  this  particular,  is  to  ascertain  what  the 
cement  is  capable  of  under  the  most  favourable  conditions; 
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a  standard  for  comparison  is  thus  created,  and  it  is  the 
user's  duty  to  see  that  these  conditions  are  fulfilled  as 
nearly  as  possible  in  actual  work. 

In  gauging  briquettes  for  testing  purposes,  the  first 
matter  is  to  ascertain  the  percentage  of  water  necessary 
to  reduce  the  cement  to  the  proper  consistency  for  filling 
the  moulds.  This  is  done  by  weighing  out  a  small  quantity 
of  cement,  say  5  oz.,  and  adding  water  by  degrees  from  a 
small  graduated  measuring  glass,  until,  by  continuous  work- 
ing with  a  trowel,  it  is  rendered  plastic,  and,  on  beating 
the  mass  into  a  small  pat  or  cake,  the  water  just  rises  to 
the  surface  when  smoothed  with  the  trowel.  The  quantity 
of  water  required  to  bring  the  cement  to  this  condition 
varies  with  each  sample,  and  no  hard-and-fast  rule  can  be 
laid  down  on  this  point  It  will  be  found  that  if  sufficient 
is  added,  so  that,  on  ramming  and  shaking  the  cement 
into  the  moulds,  the  water  just  rises  to  the  surface  of  the 
briquette,  the  best  results  will  be  obtained.  Theoretically, 
a  cement  does  not  require  more  than  8  or  9  per  cent  of 
water  for  the  actual  process  of  crystallisation,  as  briquettes 
of  gauged  cement,  examined  some  months  after  gauging, 
never  contain  more  than  that  quantity.  It  is,  of  course, 
impossible  to  make  the  particles  of  cement  flux  together 
properly  with  such  a  small  quantity  of  water,  and  when 
the  water  just  shows  on  the  top  of  the  briquette,  it  is  an 
indication  that  just  sufficient  has  been  added  to  enable  this 
fluxing  to  take  place. 

The  disadvantageous  eflfect  of  a  large  excess  of  water 
was  realised  as  long  ago  as  1877,  when  Mr  Mann  ^  published 
the  following  table,  showing  the  results  obtained  by  using 
various  proportions  of  water : — 


^  Proceedings  of  the  Institution  of  Civtl  Engineers^  vol.  xlvii.  p.  26a 


Cement  Gauged  with  various  Proportioms  of  Water. 

Age  of  Samples,  seven  days. 

Average  breaking  weight  per  square  inch. 


wi,?,. 

60Z. 
Water  to 

roi. 

Water  to 

801. 
Walec  to 

Water  to 

Waier  to 

Cement. 

Ceinert. 

<S^. 

&S;, 

&S.. 

CemenL 

lb». 
433 

lbs. 
460 

lbs. 

lbs. 
306 

lbs. 

Ibi. 

416 

435 

.96 

416 

480 

282 

344 

398 

38" 

363 

2J3 

184 

368 

366 

387 

357 

219 

221 

329 

4.6 

353 

339 

211 

197 

487 

489 

3"3 

316 

187 

163 

474 

447 

4ao 

302 

234 

165 

440 

471 
440 

33' 

z68 

209 

162 

Averages    . 

41a 

367 

314 

ai4 

182 

"  With  5  oz.  of  water  to  32  oz.  of  cement  the  gauged 
cement  was  extremely  dry,  crumbling  under  the  trowel, 
and  could  not  be  made  to  take  a  smooth  surface;  with 
the  proportion  of  6  oz.  to  32  oz.  it  was  moderately  dry, 
and  could  be  finished  and  smoothed  off  with  the  trowel ; 
with  7  oz.  to  32  oz.  the  mass  was  moderately  wet ;  with 
8  oz.  to  32  oz.  the  samples  were  wet  and  soft ;  with  9  oz. 
to  32  oz.  they  had  the  consistency  of  stiff  grout ;  and  with 
10  oz.  to  32  oz.  a  liquid  was  produced  which  could  be 
poured  from  one  vessel  to  another.  In  the  last  two  cases 
the  sample  shrank  considerably,  and  must  have  lost  some 
of  the  water  by  evaporation." 
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The  quantity  of  water  requisite  also  depends  on  the 
fineness  and  age  of  the  cement,  a  fine  cement  requiring 
considerably  more  than  a  coarse  one,  inasmuch  as  the 
particles  are  in  a  finer  state  of  division,  and  thereby  are 
enabled  to  combine  with  a  greater  quantity  of  water. 
Why  a  well-matured  cement  should  require  more  water 
than  one  freshly  ground  is  not  altogether  clear,  unless  it 
is  that  some  of  the  coarser  particles  of  the  cement  split 
up,  through  hydration  by  the  moisture  in  the  atmosphere, 
and  thereby  more  readily  combine  with,  and  require  more, 
water. 

j  The  shape  of  the  briquette  has  more  effect  on  the  result 

obtained   than   is  generally    recognised,  and    a    gradual 

I  improvement  in   the  shape  of  the  mould,  so  as  to  give 

improved  results  in  testing,  is  rather  a  strong  argument 
in  favour  of  the  contention,  that  the  object  of  testing  is  to 
obtain  the  best  results  from  the  sample  under  examination. 
The  original  form  of  briquette  used  is  shown  in  fig.  59 ; 
its  rectangular  shape  was  naturally  a  source  of  weakness, 
and  the  results  obtained  from  it  were  often  unsatisfactory. 

'  The  method  originally  adopted  in  France,  was  to  mould 

the  blocks  in  a  solid  rectangular  form,  and,  when  they  had 
attained  the  prescribed  age,  cut  out  recesses  at  the  sides  to 
receive  the  clips.  Such  a  process  is  worthy  of  quotation, 
as  illustrative  of  the  very  primitive  methods  of  testing  in 
use  in  the  early  days  of  the  cement  industry. 

Fig.  60  shows  a  later  form  of  briquette.  Metal  plates 
were  inserted  at  the  upper  and  lower  side,  respectively,  of 
the  two  square  holes  shown,  on  which  rested  the  knife 
edges  of  the  tension  apparatus,  and  thus  a  fairly  direct 
pull  was  exerted.  The  author  had  occasion  some  years 
ago  to  use  this  shape  of  briquette,  at  a  works  where  no 
other  was  to  be  had,  and  obtained  fairly  good  results  from 
it ;  but  it  is  too  clumsy  and  cumbersome  for  general  use, 
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one  briquette  of  i^  by  ij  section  requiring  nearly  5  lbs. 
of  cement 

Fig.  61  is  the  form  originally  adopted  by  the  late  Mr 
Michele,  for  use  with  his  machine.  The  clips  fit  in  the 
semicircles  shown,  and  are  practically  in  contact  with  the 
whole  of  its  surface.  The  form  of  clips  and  mould  tend 
to  exert  a  crushing  strain,  in  addition  to  a  tensile  strain, 
and  the  results  are  therefore  not  satisfactory  ;  the  briquette 


Fig.  59. 


Fig.  6a 


Fig.  61. 


Fig.  62. 


rarely  breaks  at  the  smallest  point  of  section,  the  line  of 
fracture  more  generally  occurring  in  a  diagonal  direction. 

Fig.  62  is  the  shape  of  briquette  designed  by  the  late 
Mr  Grant,  and,  with  some  modifications,  is  now  in  general 
use.  The  briquette  comes  into  contact  with  the  clips  at 
the  points  indicated  in  the  illustration,  and  only  at  these 
points.  The  flat  top  of  the  briquette,  however,  exposes 
it  to  risk  of  damage  in  taking  out  of  the  mould,  and,  to 
obviate  this,  Faija  adopted  a  modification  which  is  shown 
in  fig.  63.  By  making  the  ends  of  the  briquette  slightly 
pointed,  it  is  more  easily  removed  from  the  mould  without 
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risk  of  damage,  and  the  apices  serve,  in  some  degree,  to 
enable  the  briquette  to  be  put  squarely  into  the  clips. 

Fig.  64  shows  the  form  of  briquette  adopted  by  the 
British  Standard  Specification,  which,  it  will  be  observed, 
is  essentially  the  same  as  the  Grant  and  Faija  forms,  the 
only  difference  being  slight  modification  of  the  shape  at 
the  ends ;  the  shape  at  the  point  of  fracture  and  of  the 
contact  of  the  clips  of  the  testing  machine  is  practically 
identical. 


Fig.  63.  Fig.  64.  Fig.  65. 

Fig.  65  shows  the  form  of  briquette  in  use  in  Germany  and 
on  the  Continent.  It  will  be  noticed  that  it  has  a  notch  in 
the  centre,  which  ensures  the  fracture  taking  place  at  the 
point  of  smallest  sectional  area;  it  seems  a  reasonable 
assumption,  however,  that  the  sudden  reduction  in  the 
area  of  the  briquette  at  that  point  would  prove  a  source 
of  weakness.  The  width  of  the  briquette  at  the  notch  is 
2*25  centimetres,  which,  with  a  thickness  of  2*22  centimetres, 
gives  a  breaking  area  of  5  square  centimetres. 

With  regard  to  the  effect  of  the  shape  of  the  briquette 
on  the  results  obtained,  it  may  be  interesting  to  quote  the 
results  of  some  experiments  made  by  Mr  Bernays  in  1881, 
which  are  given  in  the  discussion  on  Mr  Grant's  paper 
on  Cement  of  that  date.^    "  He  wished  to  draw  attention 

'  Procitdings  of  the  Instiiutum  of  Civil  Effginurs^  vol.  Ixii.  pp.  207  and  20« 

Q2 


to  a  fertile  source  of  misunderstanding,  due  to  the  omis- 
sion to  state,  in  most  records  of  experiments  on  the  tensile 
strength  of  cement,  the  precise  form  of  briquette  used. 
The  greatly  improved  results,  due  to  recent  improvements 
in  the  form  of  briquette  and  of  the  breaking  clips,  went 
farther  than  was  generally  believed  to  account  for  the 
increased  tensile  strength  of  cement,  shown  by  recent  tests, 
over  the  results  of  experiments  of  earlier  date. 

"Since  the  reading  of  the  papers  on  Portland  Cement, 
he  had  made  experiments  with  a  view  to  determine,  ap- 
proximately, the  variations  in  the  tensile  strain  recorded 
by  testing  machines,  due  to  the  form  of  briquette  adopted. 
The  undermentioned  results  showed  the  average  breaking 
strain,  after  seven  days,  of  the  same  quality  of  cement  made 
up  into  briquettes  of  the  following  forms: — 


6o3ibi.  760  lbs.  76111*.  900  lbs. 

Mod  breoldns  strain  ofibi  tettt.     Scale,  i  full  tiie. 

Figs.  66,  67,  68,  69. 

"  It  would  thus  be  seen  that  the  same  cement  was  appar- 
ently stronger  by  25  per  cent,  over  form  A  when  made 
into  briquettes  of  forms  B  and  C,  and  by  50  per  cent,  when 
tested  by  briquettes  of  form  D.    C  represented  the  briquette 
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used  at  Chatham  ;  D  that  used  by  the  Metropolitan  Board 
of  Works.  A  and  B  were  formerly  used  at  Chatham,  but 
had  long  since  been  abandoned." 

Generally  speaking,  all  briquette  moulds  are  constructed 
in  two  halves,  which  are  held  together  by  screw  bolts  or  by 
a  suitable  clip  or  spring.  The  original  arrangement,  how- 
ever, with  the  form  of  briquette  shown  in  fig.  59,  was  for 
the  mould  to  be  all  in  one  piece,  and  the  briquette,  when 
partially  set,  was  pushed  out  bodily  by  means  of  a  die 
arrangement  fitting  over  its  surface.  Needless  to  say,  this 
method  often  resulted  in  the  briquette  being  damaged,  or 
at  all  events  strained  to  such  an  extent  that  the  resulting 
test  was  altogether  misleading. 

The  great  disadvantage  of  moulds  that  are  held  together 
by  a  spring  is,  that  they  are  liable  to  spread  and  open  when 
the  cement  is  being  rammed  and  pressed  into  them,  and 
thus  the  section  of  the  briquette  is  distorted  ;  it  may  be 
only  slightly  enlarged,  but  it  is  almost  always  unequally 
enlarged,  so  that  the  sides  are  not  truly  parallel,  and 
consequently  the  clips  do  not  fit  properly,  and  exert  an 
unequal  strain.  A  very  convenient  arrangement  of  a  nest 
of  briquette  moulds  is  that  shown  in  fig.  70,  designed  by 
the  late  Henry  Faija.  The  corresponding  halves  of  each 
mould  are  held  in  position  by  a  small  dowel  at  the  apex, 
and  each  mould  is  firmly  held  down  on  the  glass  or  sheet- 
iron  bedplate  by  two  parallel  square  iron  rpds  (one  of 
which  is  fixed  and  the  other  hinged  at  one  end),  which  fit 
into  recesses  cut  into  the  moulds  at  their  apices.  A  cross- 
bar and  thumb-screw  at  one  end  of  the  nest  hold  them  in 
position  longitudinally.  When  the  screw  is  tightened,  all 
the  moulds  are  held  firmly  on  the  bed,  which  thus  allows 
of  the  cement  being  thoroughly  rammed  and  shaken, 
without  any  fear  of  deviation  from  their  proper  shape,  or 
of  lifting  from  the  glass  bed.     To  remove  the  briquettes, 
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all  that  is  necessary  is  to  loosen  the  set  screw,  remove  the 
cross-bar,  swing  out  the  hinged  parallel-bar,  and  remove 
the  moulds  one  by  one  on  to  a  gauging  slate  or  any  plane 
surface,  when,  by  gently  tapping  round  the  edges  of  the 
mould  with  the  handle  of  a  trowel,  or  any  other  convenient 
tool,  each  half  of  the  mould  comes  away  from  the  briquette 
and  leaves  it  free.  In  this  way  there  is  no  fear  of  any 
undue  strain  beipg  put  upon  the  briquette  when  freshly 
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Fig.  70. 

made,  and  therefore  in  such  a  state  that  the  least  injury 
will  materially  aflfect  the  result  obtained  from  it.  The 
convenience  of  such  an  arrangement  will  appeal  strongly 
to  those  who  are  called  upon  to  use  single  moulds  that 
are  merely  laid  on  the  bedplate,  without  being  fixed  thereto 
in  any  way ;  in  making  sand  briquettes,  especially,  where 
the  mass  has  to  be  beaten  in  with  a  trowel  or  spatula,  the 
inevitable  lifting  of  the  moulds  from  the  bedplate  is  a  source 
of  great  annoyance.  To  prevent  the  cement  adhering  to 
the  moulds,  it  is  usual  to  slightly  grease  both  the  inner 
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surface  of  the  mould  and  the  glass  or  iron  plate  on  which 
it  rests ;  care  should  be  taken  to  avoid  excess  of  oil,  only 
just  sufficient  being  used  to  cover  the  surface  of  the  mould 
with  a  thin  film  of  grease. 

In  gauging  cement  for  testing  purposes,  as  well  as  in 
practical  work,  the  chief  object  is  to  get  it  evenly  and 
intimately  mixed  with  the  water  in  as  short  a  time  as 
possible    before    being    put    into    the    moulds,    and,    as 


Fig.  71. 

previously  stated,  only  sufficient  water  should  be  used  to 
render  the  cement  plastic.  This  entails  a  great  deal  of 
wrist  work  on  the  part  of  the  operator,  and,  towards  the 
end  of  a  long  series  of  briquettes,  he  is  apt  to  add  more 
water  than  is  absolutely  necessary,  with  a  corresponding 
diminution  in  results.  To  obviate  this  difficulty  Faija 
designed  a  mechanical  gauger,  of  which  a  sketch  is  given 
in  fig.  71.  It  consists  of  a  circular  pan,  about  one  foot 
in  diameter,  within  which  revolve  the  arms  of  a  stirrer. 
These  arms  revolve  round  their  own  axis  in  one  direction, 
and  around  the  pan  in  the  reverse,  this  motion  being  given 
them  by  an  internally  toothed  wheel,  which  actuates  the 
pinion  of  the  stirring  spindle.     The  modus  operandi  is  as 
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follows:  after  having  ascertained,  by  means  of  a  pre- 
liminary hand-gauged  pat,  how  much  water  the  cement 
under  treatment  requires,  sufficient  cement  to  fill  a  nest 
of  moulds  is  put  into  the  gauger,  and  the  correct  amount 
of  water  added  all  at  once.  The  handle  of  the  machine  is 
then  turned  fairly  quickly  for  a  half  or  three-quarters  of 
a  minute,  by  which  time  it  will  be  found  that  the  cement 
is  thoroughly  incorporated  with  the  water,  and  the  mass 
is  in  a  proper  condition  to  be  turned  out  on  to  the 
gauging  slate  or  bench,  and  filled  into  the  moulds.  In 
gauging  cement  and  sand  in  this  machine,  for  making  sand 
briquettes,  it  is  of  course  necessary  first  to  thoroughly  mix 
the  sand  and  cement  in  the  dry  state,  after  which  the  same 
routine  may  be  followed.  By  the  use  of  this  machine  two 
or  three  pounds  of  cement  at  a  time  can  be  efficiently 
gauged  in  a  few  seconds,  and  personal  experience  has 
proved  it  to  be  of  the  greatest  value  in  avoiding  the  labour 
and  wrist  work  necessary  to  bring  the  cement  to  a  proper 
consistency  with  a  trowel. 

The  whole  operation  of  filling  a  nest  of  moulds,  from 
the  time  of  adding  the  water,  should  not  exceed  five  or  six 
minutes ;  and,  after  being  smoothed  off  with  a  trowel,  the 
moulds  should  be  placed  on  one  side  until  the  briquettes 
are  sufficiently  set  to  be  removed.  With  quick-setting 
cement  this  will  generally  range  from  one  to  three  hours, 
but  it  is  best,  where  possible,  to  make  a  rule  of  leaving 
the  briquettes  in  the  moulds  for  twenty-four  hours,  after 
which  period,  unless  the  cement  is  extraordinarily  slow 
setting,  there  will  be  no  danger  of  damaging  them  by 
premature  removal ;  even  then,  however,  sand  briquettes 
will  often  be  found  very  "  green  "  and  soft,  and  great  care 
must  be  exercised  that  they  are  not  damaged  in  any  way. 

Instead  of  smoothing  the  briquettes  oflf  level  at  the 
top  at  the  time  of  gauging,  some  operators  have  been 
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known  to  leave  the  surplus  cement  until  the  briquettes 
are  partially  set,  and  then,  by  means  of  a  sharp  trowel, 
cut  and  scrape  them  off  flush  with  the  top  of  the  moulds. 
The  advantage  of  this  plan  is  not  easy  to  understand, 
unless  it  be  that  a  slightly  more  accurate  vertical 
thickness  is  obtained,  while  the  chief  danger  is,  that  the 
setting  of  the  whole  briquette  may  thereby  be  disturbed, 
and  consequently  the  result  obtained  less  satisfactory. 
Care  should  also  be  taken,  after  the  briquettes  are  gauged, 
to  place  them  on  a  bench  free  from  vibration,  such  as  they 
would  be  subjected  to  if  they  were  left  on  the  same  bench 
where  subsequent  briquettes  were  being  gauged.  If  ex- 
posed to  such  vibration,  the  crystallisation  or  setting  is 
materially  affected,  and  the  accuracy  of  the  result  con- 
siderably impaired.  More  than  one  instance  has  occurred 
of  indifferent  results,  due  to  the  neglect  of  this  apparently 
obvious  precaution. 

The  time  previously  mentioned  as  the  time  the  opera- 
tion of  gauging  should  take,  will  of  course  depend  upon  the 
setting  properties  of  the  cement  used,  and  refers  chiefly  to 
the  gauging  of  a  nest  of  five  briquettes  at  one  operation, 
which  is  the  custom  whenever  the  setting  of  a  sample  is 
sufficiently  slow  to  permit  of  that  course  being  adopted. 
If  a  cement  commences  to  set  or  harden  too  quickly  to 
allow  of  five  briquettes  being  made  at  one  operation,  two 
or  three  only  must  be  made,  and  great  care  must  be  taken 
that  the  cement  does  not  commence  to  set  before  the 
operation  is  completed,  otherwise  the  setting  properties  of 
the  briquettes  will  be  partially  destroyed,  and  the  results 
will  be  valueless. 

The  gauging  of  sand  briquettes  is  an  operation  requiring 
much  more  practice  than  neat  briquettes,  and  with  some 
operators  it  is  a  knack  which  cannot  be  acquired  even  by 
diligent  practice.     The  cement  and  sand  mortar,  being  con- 
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siderably  less  cohesive  than  the  neat  cement,  cannot  be 
rammed  so  hard  into  the  moulds ;  the  effect  of  hard  ram- 
ming is  simply  to  press  down  the  mass  where  struck  by  the 
rammer,  while  at  the  same  time  a  corresponding  quantity  of 
the  mortar  is  forced  out  at  another  part  of  the  mould.  From 
personal  experience,  it  has  been  found  that  the  best  method 
of  making  sand  briquettes,  is  to  combine  the  operations  of 
first  ramming  lightly  with  a  wooden  rammer,  and  afterwards 
beating  in  with  a  spatula  or  trowel,  the  beating  being  ac- 
complished with  a  loose  wrist,  and  the  action  being  more 
of  a  "  flip  "  than  a  direct  blow.  In  the  matter  of  water  used 
for  gauging  sand  briquettes,  the  same  remarks  apply  as  for 
gauging  neat  cement;  no  hard-and-fast  rule  can  be  laid 
down  on  this  point,  the  best  results  being  obtained  when, 
after  lightly  ramming  and  beating  with  a  spatula,  as 
described,  the  water  just  shows  on  the  surface  of  the 
briquette,  denoting  that  there  is  just  sufficient  to  lubricate 
the  particles  and  enable  them  to  flux  properly  into  the 
interstices. 

The  British  Standard  Specification  follows  this  practice 
very  closely,  the  wording  as  regards  water  to  be  used  being 
as  follows :  "  The  mixture  of  cement  and  sand  shall  be 
gauged  with  so  much  water  as  to  be  moist  throughout, 
but  no  surplus  of  water  shall  appear  when  the  mixture  is 
gently  beaten  in  with  a  trowel." 

Although,  as  a  rule,  the  ramming  and  filling  of  the 
moulds  is  performed  by  hand,  mechanical  means  are 
occasionally  employed.  Fig.  72  shows  Dr  Bohme's  ham- 
mer apparatus  for  that  purpose  ;  it  is  largely  used  on 
the  Continent,  and,  as  will  be  seen  on  reference  to 
Appendix  IV.,  is  particularly  specified  in  the  German 
Standard  Specification  and  Rules  for  Testing.  For  use 
with  this  machine,  the  mould  has  a  filling  box  E,  attached 
to  it  by  spring  clips  F  F.     The  sand  and  cement  having 


been  first  thoroughly  mixed  dry,  and  then  with  the  requisite 
quantity  of  water,  a  certain  weighed  quantity  of  the  mortar 
is  placed  lightly,  and  as  evenly  as  possible,  into  the  mould 
and  filling  box,  and  the  core  G  is  placed  on  the  top ;  by 
turning  the  handle  k,  the  mass  is  then  struck  a  given 
number  of  blows  with  the  hammer.  The  core  and  filling 
box  is  then  removed,  and  the  mass  scraped  off  level  with 


Fig.  Ti. 
the  top  of  the  mould.    As  will  be  seen  from  the  illus- 
tration, the  end  of  the  hammer  handle  is  fixed  into  a 
rectangular  casting,/  working  on  trunnions,  and  is  lifted 
by  coming  into  contact  with  the  cog-like  projections  on  th 
wheel  h ;  each  projection,  as  the  wheel  revolves,  lifts  t 
hammer,  which  falls  and  delivers  its  blow  when  the  w' 
has  revolved  far  enough  for  the  contact  to  be  rele 
The  number  of  blows  delivered  is  r^ulated  by  mear 
trigger  arrangement,  m,  which  prevents  the  wheel 
revolving  any  further,  when  the  required  number 
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has  been  delivered.  The  author's  experience  of  this 
machine  is,  that  the  results  obtained  with  it  are  generally 
inferior  to  the  hand-made  briquettes  of  a  skilled  operator. 
Unless  the  mortar  is  filled  into  the  moulds  and  filling  box 
very  evenly,  the  core  naturally  has  a  tendency  to  sink 
lowest  where  there  is  least  mortar,  and  thus  getting  slightly 
athwart  the  mould,  is  liable  to  jam,  and  consequently  the 
mass  does  not  get  the  full  benefit  of  the  hammering.  The 
mortar  is  also  put  into  the  mould  all  at  once,  with  the  idea 
of  making  the  block  of  the  same  density  throughout,  but 


Fig.  73- 

by  this  means,  there  is  a  tendency  for  the  upper  part  of  the 
mass  to  be  much  more  tightly  rammed  than  the  lower. 
With  hand-made  briquettes,  on  the  contrary,  the  mortar 
is  put  into  the  mould  in  two  or  three  lots,  and  each  lot 
thoroughly  rammed  before  the  next  is  added.  Compared 
with  hand-made  briquettes,  the  operation  is  also  rather 
tedious,  as  each  briquette  has  to  be  operated  upon  singly, 
whereas  by  hand,  a  nest  of  five  briquettes  can  be  filled  at 
one  time. 

I'lg-  73  shows  the  Arnold  mould  and  screw  press  for 
making  briquettes,  etc.,  for  testing  purposes.  Its  essential 
feature  is  that  the  cement  is  pressed  dry  into  the  moulds 
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and  then  placed  into  a  shallow  tray  of  water,  to  absorb  as 
much  as  it  requires  for  setting  purposes.  The  mould  B  is 
made  of  such  depth  that,  after  a  weighed  quantity  of 
powder  is  placed  into  it,  and  the  die  C  pressed  flush  with 
the  top,  the  resulting  briquette  is  of  the  desired  thickness. 
Although  this  apparatus  is  still  used  in  some  testing  rooms, 
the  results  are  by  no  means  comparable  with  the  ordinary 
methods  of  making  briquettes  with  the  trowel,  inasmuch 
as  the  thickness  of  the  briquette  depends  entirely  upon 
the  bulk  of  the  cement  employed,  a  light  cement  being 
naturally  much  more  bulky  than  a  heavy  one.  As  the 
method  of  incorporating  the  water  is  also  entirely  contrary 
to  the  methods  usually  adopted  in  the  practical  use  of 
cement,  it  is  decidedly  less  valuable  as  a  comparative  test. 
One  advantage  claimed  for  this  apparatus  is,  that  if  the 
cement  is  at  all  inclined  to  be  unsound,  briquettes  made 
in  these  moulds  will  show  it  more  readily  than  briquettes 
gauged  with  the  trowel  in  the  ordinary  way,  inasmuch 
as  the  water  attacks  the  "free  lime"  after  the  briquette 
is  made,  and  thus  causes  marked  expansion ;  whereas 
when  mixing  with  the  trowel,  the  water  attacks  the  *'free 
lime"  during  the  operation  of  gauging,  and  before  the 
cement  is  formed  into  a  briquette.  The  apparatus  certainly 
has  the  advantage  of  not  requiring  skilled  labour,  as  the 
briquettes  can  be  made  by  any  intelligent  labourer,  but, 
in  the  author's  opinion,  that  is  about  the  only  point  in  its 
favour. 

Standard  sand,  as  it  is  now  generally  called,  is  Leighton 
Buzzard  sand,  thoroughly  washed  so  as  to  remove  any 
earthy  impurities,  and  sifted  so  as  to  all  pass  through  a 
sieve  of  20  holes  per  lineal  inch,  and  be  retained  on  a 
sieve  of  30  holes  per  lineal  inch.  This  sand  is  supplied  by 
a  firm  of  pit-owners  at  Leighton  Buzzard,  ready  washed 
and  sifted  to  the  standard  size,  but  it  is  generally  found 


238  Portland  Cement  Testing 

advisable,  in  order  to  ensure  accurate  results,  to  have  it 
re-washed  and  sifted  in  the  testing  room  before  use. 

The  use  of  the  sand  test,  originally  imported  from 
Germany,  is  gradually  making  its  way  in  this  country,  and 
doubtless,  if  a  really  reliable  sand  could  always  be  ob- 
tained, the  sand  test  would  be  of  great  value  in  forming  an 
opinion  of  the  constructive  value  of  the  cement,  inasmuch 
as  cement  is  never  used  neat,  but  always  with  a  certain 
proportion  of  sand  or  aggregate,  and  its  value,  qud  cement, 
depends  more  upon  its  adhesive  properties,  than  its  powers 
of  cohesion.  Faija  was  strongly  averse  to  the  sand  test, 
his  contention  being  that,  in  order  to  make  a  sand  test  of 
any  value,  it  was  first  necessary  to  test  the  sand,  and  he 
advocated  that,  if  a  sand  test  were  used  at  all,  the  sand  to 
be  actually  used  in  the  work  should  be  utilised  for  testing 
purposes.  This,  of  course,  would  afford  valuable  informa- 
tion to  the  actual  user  as  to  the  strength  of  the  work  he 
was  constructing,  but  it  would  only  be  of  service  on  that 
particular  work,  and  would  be  of  no  comparative  value  to 
anyone  but  himself.  Until  lately  the  author  was  naturally 
strongly  imbued  with  the  same  views,  but,  as  a  result  of 
recent  experiments,  he  has  been  forced  to  the  conclusion 
that  a  neat  test,  by  itself,  does  not  afford  any  true  indication 
of  the  constructive  value  of  a  sample.  In  the  course  of 
his  experiments  on  the  effect  of  admixtures  of  Kentish 
Rag,  etc.,  upon  Portland  Cement,^  he  found  that  it  was 
possible  to  mix  as  much  as  20  per  cent,  of  foreign  inert 
material,  such  as  finely  ground  sand,  with  the  cement,  with- 
out materially  affecting  the  strength  of  the  neat  briquette, 
in  some  cases  such  an  admixture  actually  improving  it. 
The  sand  test,  on  the  other  hand,  invariably  showed  the 
adulteration,  although  not  to  such  an  extent  as  to  enable 
it  to  be  detected  by  that  means  alone.     In  a  later  series 
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of  experiments  on  the  finer  grinding  of  Portland  Cement, 
referred  to  on  p.  218,  it  will  be  seen  that  an  extremely  fine 
cement  is  weaker  when  made  into  neat  briquettes,  than 
the  same  cement  not  so  finely  ground,  although  it  shows 
nearly  50  per  cent,  greater  cementitious  value,  as  indicated 
by  its  power  of  cementing  together  particles  of  sand.  In 
the  face  of  those  results,  there  is  no  doubt  that  the  sand 
test  is  the  truer  test  of  the  two,  and  it  should  therefore 
always  be  taken  in  conjunction  with  the  neat  test.  The 
chief  disadvantage  of  the  sand  test  is  the  time  required 
to  enable  it  to  be  properly  carried  out,  nothing  under 
the  twenty-eight  days'  test  being  of  much  value  in  this 
respect,  and  the  delay  thus  incurred  often  renders  it 
inconvenient,  if  not  impossible. 

The  machine  used  for  testing  the  briquettes,  or  rather 
for  measuring  the  strain  which  the  briquette  carries  before 
fracture,  is  practically  a  weighing  machine,  and  its  chief 
desiderata  are  accuracy,  compactness,  and  ease  of  working. 
Perhaps  the  most  accurate  machine  is  the  long,  single-lever, 
steelyard  machine,  in  which  the  tension  is  applied  by  run- 
ning a  weight  along  the  steelyard  away  from  the  fulcrum, 
and,  by  gradually  increasing  the  leverage,  the  strain  on 
the  briquette  is  correspondingly  increased.  In  using  this 
machine,  great  care  should  be  taken  that  the  weight  is 
run  smoothly  along  the  yard,  as  any  swaying  or  vibration 
exercises  an  extra  and  undue  strain  upon  the  briquette. 
The  steelyard  machine  of  Messrs  Adie,  which  is  illus- 
trated in  fig.  74,  may  be  had  with  an  arrangement 
attached,  by  which  the  weight  is  automatically  run  along 
the  yard,  and  the  strain  can  thus  be  applied  at  any 
required  rate  of  speed. 

A  somewhat  more  complicated,  but  decidedly  less  cum- 
bersome, and  more  compact  machine,  is  the  compound  lever 
machine  of  Dr  Michaelis,  of  which  an  illustration  is  given 


in  (ig.  75,  and  which  is  now  adopted  as  the  standard 
machine  in  Germany.  It  consists  of  3  double  set  of  levers 
worlcing  on  knife  edges,  and  the  strain  is  applied  by  allow- 
ing shot  to  gradually  run  into  a  receptacle  hanging  on  the 
end  of  the  upper  lever.  The  shot  fails  into  the  receptacle 
from  3  reservoir  fitted  with  an  automatic  cut-off,  which 
stops  the  flow  immediately  thte  briquette  breaks.  The  can 
containing  the   shot   is   then   placed   on  a  spring-balance 


Fig.  74. 
weighing  machine,  which  is  scaled  to  show  the  strain  in 
pounds  at  which  fracture  occurs.  With  this  machine,  also, 
it  is  important  that  the  can  should  hang  steadily  on  the  end 
of  the  lever,  and  also  that  the  shot  should  run  into  it  in  a 
steady  stream.  The  author  has  had  considerable  experi- 
ence of  this  type  of  machine,  and  with  careful  usage  it  gives 
very  satisfactory  results;  the  knife  edges  of  the  compound 
levers,  however,  are  rather  delicate  and  require  careful 
cleaning  and  attention. 

Fig.  76  shows  the  bent  lever  machine  patented  by  the 
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late  V.  D.  de  Michele  in  1870.  Attheend  of  the  longer  arm 
are  two  heavy  weights ;  the  shorter  arm  is  connected  to  a 
worm  and  quadrant  by  means  of  the  clips  holding  the 
briquette  to  be  tested.  On  turning  the  handle  of  the  machine, 
a  downward  pull  is  transmitted  through  the  briquette  to 
the  shorter  arm,  which  lifts  the  weights  on  the  longer 
arm,  the  tensile  strain  exerted   depending  on  the  height 


Fig.  76. 

to  which  they  are  raised.  A  loose  pointer  is  attached 
to  the  longer  arm,  and,  by  means  of  the  scaled  quad- 
rant fixed  in  its  path,  indicates  the  strain  at  which  the 
briquette  breaks.  In  applying  the  strain,  the  handle 
should  be  turned  steadily,  without  jerking,  which  would, 
of  course,  exert  an  undue  strain  on  the  briquette  and  tend 
to  give  a  faulty  result.  Fourteen  years  later  Mr  Michele 
patented  the  improved  arrangement  shown  in  fig.  77,  by 
which  he  dispenses  with  the  worm  handle  and  quadrant 
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for  applying  the  strain,  and  substitutes  for  them  another 
lever  and  pair  of  weights  ;  these  weights  are  slightly  heavier 
than  the  test  weights,  so  as  to  give  a  preponderance  for 
applying  the  strain  to  the  briquette.  To  render  this 
machine  automatic  in  its  action,  a  pinion  and  rack  are 
attached  to  the  heavier  lever,  which  latter  is  connected 
to  the   piston  of  an   oil  cataract.     By  means  of  a  valve 


Fig.  77. 

arrangement,  the  flow  of  oil  is  controlled,  and  thus  the 
speed  at  which  the  strain  is  applied  can  be  regulated  to 
any  desired  rate.  Mr  Michele  advocated  that  the  speed 
should  be  applied  as  quickly  as  possible,  and  his  machine 
bears  the  inscription  that  the  standard  speed  is  100  lbs.  per 
second.  With  this  the  author  cannot  agree,  for,  as  shown 
hereafter,  by  this  means  a  much  higher  result  is  obtained — 
in  fact,  a  delusive  result,  and  one  that  no  engineer  or 
user  would  accept    On  reference  to  Appendix  III.  it  will 
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be  seen  that  the  standard  fixed  by  the  British  Engineering 
Standard  Committee  is  lOO  lbs.  in  twelve  seconds. 

Fig.  78  shows  a  very  compact  and  handy  machine  in- 
vented by  the  late  Henry  Faija.  It  consists  of  3  simple 
ten-tO'One  lever,  on  one  end  of  which  is  attached  a  spring 
balance,  and  on  the  other  end  the  clips  holding  the  briquette 
to  be  tested ;  on  exerting  a  pull  on  the  spring  balance,  by 


Fig.  78. 


means  of  a  worm  and  quadrant,  the  strain  is  transmitted  to 
the  briquette,  multiplied  by  the  leverage  of  the  levet.  The 
knife  edges  at  the  balance  end  of  the  lever  are  lengthened, 
so  that  when  the  briquette  breaks,  the  recoil  of  the  fracture 
is  received  by  two  suitably  arranged  buffer  springs.  The 
knife  edges,  and  all  working  parts,  are  of  specially  prepared 
phosphor-bronze,  and  the  gearing  is  so  arranged  that  the 
strain  may  not  be  put  on  the  briquette  at  too  great  a 
speed. 
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Before  putting  a  briquette  in  the  c 
quadrant  A  should  be  in  the  positioi    • 
chain   B  to  the  dial   C   is  slack,  an( 
and  balanced;  there  should  then  be      i 
between  the  under  side  of  the  knife  ed    : 
spring  I. 

After  inserting  the  briquette  in  the 
is  turned  from  left  to  right,  which  wil    I 
firmly,  and  it  is  generally  advisable  to  ;   i 
the  briquette  by  turning  wheel  E  thj 
indicated  on  the  dial.     The  handle  M 
the   briquette   breaks,  and   the    loose 
on  the  dial  the  strain  in  lbs.  at  whicl 
To  return  to  zero,  the  pinion  K  is  thro\  : 
the  wheel  L,  by  turning  the  pin  and  [  i 
to  the  left ;    the  wheel   L  is  then   ti 
right  until  the  quadrant  A  has  retui  i 
position,  and  the  machine  is  then  ready  ; 
briquette. 

It  may  be  as  well  to  mention  here  ths  : 
are  only  intended  to  take  up  the  recoil 
breaks.     As  an  instance  of  the  intellig  : 
times  brought  to  bear  in  using  machine: 
have  occurred  in  which  the  under  part 
(which,  in  the  ordinary  course,  should  c  i 
tact  with  the  spring  after  the  briquetl! 
been  allowed  to  rest  upon  it   during   I 
briquette,  and  consequently  the  greater 
exerted  has  been  on  the  spring  instead  : 
Owing  to  the  slight  give  of  the  clips  on 
end  of  the  longer  arm  of  the  lever  is  r 
depressed  as  the  strain  increases,  but 
space  is  left  between  the  knife  edge  and 
commencement  of  the  operation,  it  will  j 
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sufficient  to  keep  them  from  coming  into  contact  until 
fracture  has  occurred. 

An  objection  is  sometimes  raised  to  the  use  of  a  spring 
balance  in  such  machines,  but  these  balances  are  specially 
made  for  the  purpose,  and  are  carefully  tested  before  being 
sent  out.  The  working  parts  of  the  machine  are  so 
arranged  that,  by  simply  taking  out  a  screw  and  a  split 
pin,  the  balance  can  be  detached  and  checked  by  hanging 
dead  weights  upon  it.  The  lever  being  ten  to  one,  ten 
pounds  dead  weight  should  indicate  one  hundred  pounds 
on  the  balance,  etc.  The  author  has  had  one  of  these 
machines  in  daily  use  for  some  years,  and,  in  addition  to 
periodically  checking  the  accuracy  of  the  balance,  he  also 
makes  a  point  of  having  the  whole  machine  tested  two  or 
three  times  yearly,  by  hanging  dead  weights  up  to  1000  lbs. 
in  the  clips  of  the  machine,  and  the  error  rarely  exceeds 
I  per  cent. 

In  testing  for  tensile  strain,  a  great  deal  depends  upon 
putting  the  briquette  perfectly  square  and  true  into  the 
clips  or  jaws  of  the  machine,  so  that  the  strain  exerted  may 
be  truly  vertical  and  tensional,  without  any  torsional  strain. 
To  ensure  this,  great  care  should  be  taken,  firstly,  that  the 
sides  of  the  briquettes,  where  in  contact  with  the  clips,  are 
truly  parallel,  and  also  that  the  clips  are  accurately  finished 
so  as  to  exactly  fit  the  briquette.  With  the  Faija  testing 
machine,  the  points  of  the  contact  of  the  upper  and  lower 
clips  on  the  briquette  are  about  an  inch  apart ;  the  actual 
breadth  of  the  contact  is  a  little  more  than  half  an  inch, 
and  each  should  be  exactly  in  the  centre  of  the  briquette, 
viz.  \  inch  from  each  edge.  The  clips  of  the  machine  are 
one  inch  in  breadth,  so  that  when  the  briquette  is  placed 
vertically  in  them,  it  is  flush  with  the  edges  of  the  clips 
both  back  and  front ;  and  if  the  top  and  the  bottom  edges 
of  the  clips  F  and  G  are  at  the  same  time  parallel,  as 
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shown  in  the  sketch,  it  indicates  that  the  briquette  is  set 
truly  vertical  and  square  in  them.  If  the  operator  has 
reason  to  doubt  the  accuracy  of  the  moulds,  or  the  fit  of 
the  clips,  a  very  superficial  examination  of  the  points  of 
contact  of  the  clips  on  the  briquette,  after  breaking,  will 
prove  the  correctness  or  otherwise  of  his  suspicion.  If  the 
briquette  has  been  put  properly  into  the  clips,  and  the  clips 
fit  properly,  the  centre  of  each  point  of  contact  will  be 
central  vertically  and  also  parallel  horizontally.  It  may  be 
thought  that  the  author  is  somewhat  hypercritical  as  to  the 
exact  fitting  of  the  clips  and  briquette,  but,  so  far  as  his 
experience  goes,  it  is  exactly  these  unconsidered  trifles 
which  make  or  mar  the  result.  It  has  more  than  once 
been  his  experience  to  find  one  briquette  out  of  a  set  of 
five  break  25  per  cent,  below  the  rest,  and  on  examina- 
tion the  only  fault  to  be  found  with  it  was,  that  owing 
to  the  mould  or  the  operator  being  at  fault,  the  clips 
did  not  catch  exactly  vertically,  thus  giving  an  erroneous 
result. 

The  speed  at  which  the  strain  is  applied  also  largely 
afiects  the  result  obtained,  and  this  is  a  matter  which  for 
a  long  time  was  ignored.  It  was  very  prominently  brought 
under  the  author's  notice  some  thirty  years  ago.  A 
dispute  arose  as  to  the  tensile  strain  of  a  certain  consign- 
ment of  cement,  and  the  briquettes  made  for  testing  were 
to  be  broken  in  the  presence  of  the  manufacturer.  A 
Michele  machine  was  then  in  use,  and  the  manufacturer 
insisted  upon  applying  the  strain  as  quickly  as  possible,  viz. 
about  100  lbs.  in  one  second,  with  the  result  that  a  con- 
siderably higher  tensile  strain  was  developed  than  under 
ordinary  conditions.  This  led  to  a  series  of  experiments 
being  instituted  in  the  matter,  which  the  author  carried  out 
under  the  late  Henry  Faija's  directions ;  the  results  were 
published   in  the  Proceedings  of  the  Institution  of  Civil 
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Engineers^  1883,  from  which   the   following  extracts  may 
be  of  interest : — 

"Summary  of  Results  of  Experiments  to  Determine  the 
Difference  Obtained  by  Applying  the  Weight  to 
THE  Briquette,  whln  Testing  for  Tensile  Strength 
AT  Different  Speeds. 


Number  of 
Briquettes. 


129 
129 

145 

90 
90 

40 
40 


Speed. 


lbs. 

100  in 
100 


100 
100 

100 

TOO 

100 
100 


n 
»> 

I) 


sees. 
I 

30 

30 
60 

60 

120 


Average  Result. 


lbs. 

56075 
50643 

452-20 
430-96 

417*27 
403-05 

41675 
400*87 


"  From  the  foregoing  results  it  will  be  seen  that  the  in- 
crease per  cent,  due  to  increased  speed  in  applying  the 
strain  is  as  follows : 

"Taking  the  lowest  speed  of  100  lbs.  in  120  seconds  as 
a  starting-point,  by  applying  the  strain  at  the  rate  of — 

100  lbs.  in  60  seconds  the  increase  is    3*960  per  cent 
30        ,,  „  7 '488 

15        »  »  12-416 

I        ..  „  23-142 


)> 


» 


}} 


)) 


)i 


'*  From  these  results  the  accompanying  curve  of  fracture 
(fig.  79)  has  been  obtained." 

It  will  be  seen  that  nearly  25  per  cent,  difference  may 
be  obtained  by  applying  the  strain  at  an  extremely  quick 
or  extremely  slow  speed.  The  rate  adopted  by  Faija  as 
the  outcome  of  this  experiment  was  100  lbs.  in  fifteen 


seconds,  and  before  the  adoption  by  the  British  Standard 
SpeciRcation  of  500  lbs.  per  minute,  that  rate  of  speed  was 
very  generally  used.  Before  the  introduction  of  the  above 
standard,  variable  rates  of  strain  speed  were  sometimes 
specified  by  engineers,  some  even  specifying  that  the 
briquette  was  to  carry  a  certain  weight  for  a  specified  num- 
ber of  minutes  or  hours.  The  advantage  of  such  a  hanging 
strain  is  a  trifle  obscure,  and  it  is  certainly  very  tedious  to 
an  operator  who  has  a  great  many  briquettes  to  break 
daily,  to  have  to  leave  a  briquette  in  the  machine  for  any 


Fig.  79. 
considerable  length  of  time,  thus  taking  several  hours  to 
accomplish  what  might  have  been  done  in  almost  as  many 
minutes.  Granting  that  such  a  test  is  considerably  more 
severe  than  when  the  strain  is  gradually  applied  in  the 
usual  way,  the  author  respectfully  submits  that  the  same 
purpose  would  be  accomplished  by  proportionately  in- 
creasing the  strain  to  be  carried,  and  having  it  applied  at  a 
reasonable  rate  of  speed. 

In  testing  a  cement  for  tensile  strain  a  great  many  factors 
come  into  play  to  produce  a  variable  result,  and  it  is  there- 
fore necessary,  in  order  to  obtain  a  fairly  true  result,  to  take 
the  average  of  several  experiments,  the  standard  now 
adopted  being  an  average  of  six  briquettes  at  each  date. 
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Why  a  nest  of  briquettes,  all  made  at  one  operation  by 
the  same  operator,  should  show  the  variable  results  they 
often  do,  is  not  very  easy  to  explain,  except  perhaps  on 
the  principle  that  it  is  impossible  to  make  two  things 
exactly  alike.  It  is  probable  that  the  discrepancy  is  rather 
due  to  minute  differences  in  the  shape  of  the  mould  and 
fit  of  the  clips  than  to  anything  else,  as  it  has  been  found 
that  a  very  slight  variation  from  a  true  vertical  pull  will 
materially  affect  the  result  obtained.  Given  that  the  object 
of  testing  for  tensile  strength  is  "  to  obtain  the  very  best 
results  possible,"  and  thus  ascertain  what  a  cement  is 
capable  of  under  the  most  favourable  conditions,  it  seems 
logical  to  suggest  that,  instead  of  taking  the  average  of  six 
briquettes,  the  highest  result  of  six  should  be  taken  as  a 
criterion,  as  that  indicates  what  the  cement  is  capable  of, 
and,  correct  dimensions  of  the  sectional  area  being  premised, 
indicates  the  true  strength  of  the  cement.  Based  on  the  idea 
of  excluding  results  that  are  obviously  erroneous,  specifica- 
tions are  sometimes  met  with  in  which  the  average  of  the 
best  three  out  of  five  or  six  is  taken  as  the  correct  result. 

The  tensile  strength  of  cement  gauged  neat  now  usually 
averages  from  500  to  700  lbs.  at  seven  days,  and  600  to 
800  lbs.  at  twenty-eight  days ;  gauged  with  three  parts  by 
weight  of  standard  sand,  the  tensile  strength  ranges  from 
about  250  to  350  lbs.  at  seven  days,  and  350  to  450  lbs. 
at  twenty-eight  days.  The  tensile  strength  of  the  sand 
briquettes,  compared  with  the  neat  briquettes,  depends 
entirely  upon  the  fineness  to  which  the  sample  is  ground. 
The  finer  the  cement,  the  greater  is  its  covering  power,  and 
consequently  the  greater  is  the  tensile  strength  developed 
when  mixed  with  sand.  As  will  be  seen  on  reference  to 
the  table  on  p.  218,  the  strength  of  the  sand  briquettes 
may  be  nearly  doubled  by  extreme  fine  grinding. 

The  table  on   the   following   page,   giving  the  tensile 
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strain,  etc.,  of  eighteen  different  cements,  taken  indiscrimin- 
ately from  our  testing  books  during  the  past  year  or  two, 
may  be  of  interest 

For  comparison  with  the  foregoing,  the  two  following 
tables  (pp.  253  and  354),  taken  respectively  from  Grant's 
paper  of  1881,  and  Faija's  little  trcitise,  Portland  Cement 
for  Users,  are  interesting,  chiefly  as  showing  the  improve- 
ment in  grinding,  and  the  consequent  improvement  in  the 
sand  test,  compared  with  Grant's  figures. 

Tensile  strength,  being  the  most  easily  applied  test, 


Fig.  80. 
is  generally  taken  as  the  criterion  of  value,  though  it  is 
doubtful  if  cement  is  ever  subjected  to  that  strain  in  actual 
use;  the  more  usual  strain  is  cither  a  crushing  strain  or 
transverse  strain,  and  some  users  therefore  prefer  to  ascer- 
tain the  power  of  resistance  of  a  cement  to  these  latter  forces. 
In  testing  a  cement  for  resistance  to  a  compressive  force, 
cubes  of  specified  dimensions  are  used,  moulded  in  the 
same  manner  as  the  briquettes,  and  the  remarks  therefore 
that  apply  to  the  gauging  of  cement  for  briquettes,  apply 
also  to  the  making  of  cubes.  As  the  crushing  stress  of  a 
cement  is  usually  about  ten  times  its  tensile  strain,  the 
machine  for  testing  has  to  be  considerably  more  powerful 
than  that  used  for  tensile  tests.     Fig.  80  gives  a  sketch  of 
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a  very  convenient  arrangement  of  crushing  ram  devised  by 
Faija,  and  which  the  author  has  used  for  some  years  with 
satisractory  results.  When  the  cube  has  been  placed  ip 
position,  the  ram  plunger  is  raised  by  means  of  the  pump 
on  the  right,  until  a  moderate  pressure  is  exerted  ;  in  fact, 
the  pump  is  merely  used  as  a  rough  adjustment  The 
valve  between  the  pump  and  the  ram  chamber  is  then 
screwed  down,  and  further  pressure  applied  by  means  of 
the  horizontal  piston  and  cylinder  arrangement  shown  on 
the  left.  It  consists  of  a  narrow  piston  with  a  cup  leather 
attached,  working  in  a  solid  brass  cylinder.  The  piston 
rod  has  a  Whitworth  thread  cut  on  it  for  the  greater  part 
of  its  length,  and  is  forced  into  the  cylinder  by  means  of 
a  specially  designed  screw-jack  arrangement  shown.  For 
high  pressure  it  was  found  impossible  to  work  the  jack 
wheel  direct,  and  it  was  therefore  arranged  so  as  to  be 
actuated  by  means  of  a  worm  and  quadrant,  worked  by  a 
handle  about  l8  inches  long  to  give  sufficient  power.  The 
.  crushing  ram  is  4  inches  in  diameter,  and  there  is  sufficient 
space  between  the  holding-down  bolts  to  admit  a  9-inch 
specimen.  A  3-inch  cube  is  shown  in  the  machine,  supported 
by  a  packing  block  with  a  ball-and-socket  top,  which 
adjusts  itself  to  any  slight  inaccuracy  in  the  shape  of  the 
cube,  and  thus  ensures  the  strain  being  applied  evenly 
over  the  whole  surface.  The  apparatus  is  capable  of 
exerting  a  pressure  of  about  50  tons.  Connected  to  the 
ram  chamber  is  a  pipe  leading  to  the  small  ram  at  the 
back,  which  actuates  the  long  scaled  lever  shown.  As  the 
pressure  increases,  the  lever  is  kept  just  balanced  by  meanr 
of  a  carrier  containing  a  given  weight,  which  is  run  alor 
the  lever  and  indicates  the  pressure  at  which  fract 
occurs.  A  Bourdon  pressure-gauge  is  attached  to 
apparatus,  as  a  check  on  the  accuracy  of  the  mea' 
arrangement.    With  this  apparatus  it  is  usual  to  usr 


and  3-inch  cubes;  l-inch  cubes  may  of  course  be  tested  in 
it,  but  with  the  larger  cubes  the  ratio  of  error  is  consider- 
ably diminished. 

The  Schickert  multiple  lever  machine,  shown  in  figs.  8l, 
82,  is  considerably  used  on  the  Continent  for  determining 
compressive  stresses.  It  will  be  seen  from  the  illustration 
that  it  is  a  combination  of  levers,  the  stress  being  applied 
by  gradually  weighting  the  can  slung  at  the  end  of  the 
first  lever;  the  whole  apparatus,  with  some  necessary 
modifications,  being  an  e1ak>oration  of  the  Michaeits  tensile 
machine. 

The  Amsler-Laffon  hydraulic  press,  an  illustration  of 
which  is  given  in  fig.  85,  is  considered  by  many  to  be  the 
best  arranged  apparatus  for  crushing-tests.  The  machine 
consists  essentially  of  an  hydraulic  press,  as  shown,  in  which 
the  cylinder  for  applying  the  pressure  is  on  the  right,  and 
the  large  cylinder  carrying  the  ram  is  in  the  centre;  the 
pressure  of  the  hydrostatic  fluid  (oil),  is  imparted  to  a  layer 
of  mercury  in  the  base  of  the  ram  cylinder,  and  is  thence 
caused  to  support  a  column  of  mercury  in  the  manometer 
tube  (celluloid)  shown  on  the  left.  The  more  important 
details  are  as  follows:  the  barrel,  or  small  cylinder,  is  filled 
with  machine  oil,  and  a  screw  plunger,  actuated  by  the 
turning  wheel  and  handle,  causes  the  expulsion  of  the  oil 
from  this  cylinder;  a  valve  is  fitted  at  the  top  to  reduce 
the  pressure  if  desired.  In  the  bottom  of  the  ram  cylinder 
is  a  small  piston,  which  is  forced  downwards  out  of  the 
base  of  the  cylinder  by  the  pressure  of  the  oil,  and  presses 
on  a  lai^er  one  immediately  below.  This  larger  piston 
has  a  lever  attachment  {to  show  its  position),  which  pro- 
jects in  front,  and  by  means  of  a  second  lever,  actuated  by 
an  eccentric  on  the  turning  wheel,  a  slight  oscillation  is 
imparted  to  the  piston,  to  keep  it  from  sticking. 

As  this  tower  piston  is  depressed  by  the  oil  pressure,  it 
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presses  on  a  layer  of  oil  beneath,  and  then  on  a  layer  of 
mercury  in  the  lower  part  of  the  cylinder.  This  mercury 
is  in  communication  with  the  manometer  tube,  through  a 
revolving  tap  at  its  lower  end.  An  iron  float  rests  on  the 
mercury  in  this  tube,  and  is  balanced  by  a  weight  and 
cord  running  over  a  pulley,  which  is  fixed  with  a  ratchet 
wheel  and  pawl,  to  record  the  maximum  height  of  the 
mercury.  At  the  back  of  the  ram  cylinder  is  a  small 
pump,  and  tubes  which  can  be  connected  to  the  pump  in 
turn,  either  during  filling  operations  or  when  emptying  for 
cleaning  the  mercury  or  working  parts.  The  manometer 
is  graduated  with  two  scales,  designed  to  work  with  a  cube 
of  50  sq.  cm.  area  of  face :  on  the  left-hand  scale  the  pres- 
sure is  recorded  in  kilos,  per  sq.  cm.,  i,e.  the  internal  pressure 
of  the  oil  in  the  cylinder  ;  and  on  the  right  hand  shows  a 
total  pressure  of  100  kilos.,  i.e,  the  total  pressure  on  the 
specimen.  Extra  fittings  are  also  supplied  whereby  this 
machine  may  be  converted,  if  desired,  into  a  tensile  breaking 
machine. 

Fig.  84  shows  a  very  simple  and  compact  machine  for 
determining  crushing  stresses,  manufactured  by  the  Associ- 
ated Portland  Cement  Manufacturers  (1900),  Ltd.  It  is 
designed  for  specimens  up  to  50  sq.  cm.  area  (775  square 
inches),  and  the  gauge  reads  up  to  50  tons.  In  addition 
to  the  total  pressure,  the  dial  of  the  gauge  is  also  scaled  to 
give  tons  per  square  foot,  kilos,  per  square  centimetre,  and 
pounds  per  square  inch  on  the  specimen.  The  method  of 
working  is  very  simple :  the  specimen  A  being  placed  into 
position,  the  hand  wheel  B,  which  is  a  rough  adjustment,  is 
screwed  down  tight,  and  then  pressure  is  applied  gradually 
by  turning  the  handle  E,  which  screws  the  long  plunger 
rod  C  into  the  oil  chamber  D,  the  pressure  exerted  being 
shown  on  the  dial  F.  A  convenient  feature  of  this  machine 
is  that  the  ram  is  fitted  with  a  removable  tray,  to  catch  and 
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collect  the  debris  of  the  crushed  cubes,  which  not  only 
makes  for  tidiness  in  the  testing  room,  but  also  prevents 
particles  of  sand  and  grit  getting  to  the  plunger  of  the 
ram. 

The  principal  point  requiring  attention  in  testing  a  cube 
for  compressive  strain,  is  to  make  sure  that  the  strain  is 
distributed  evenly  over  the  whole  of  its  area,  for  it  is  very 
evident  that,  if  the  pressure  first  comes  on  one  part  of  the 
cube  only,  it  is  crushed  in  detail,  and  a  very  erroneous 
result  is  obtained.  To  ensure  an  equal  distribution  of  the 
strain  over  the  area  of  the  cube,  thin  pads  of  soft  wood  are 
inserted  between  it  and  the  surface  of  the  testing  machine, 
or  the  surface  of  the  cube  may  be  covered  with  a  moderately 
thin  coating  of  plaster  of  Paris  for  the  same  purpose.  If 
the  strain  has  been  evenly  and  correctly  applied,  the  sides 
of  the  cube  commonly  break  away,  leaving  a  true  pyramid. 
It  will  be  readily  understood  that  the  least  inequality  in 
the  surface  of  the  cube  will  make  an  immense  difference  in 
the  result  obtained,  and  for  that  reason  the  crushing  test 
has  not  attained  any  great  degree  of  popularity  in  England, 
though  it  is  more  generally  used  in  Germany,  and  forms 
part  of  the  standard  tests  in  force  in  that  country.  Some 
experimenters  who  have  experienced  difficulty  in  working 
with  cubes  have  suggested  that  cylindrical  test -pieces 
should  be  used  instead  of  cubes,  so  as  to  avoid  the  corners, 
but  the  same  objections  present  themselves,  and  it  is  not 
easy  to  see  in  what  respect  their  use  would  be  an  advantage. 

The  strain  to  which  cement  is  more  often  subjected  in 
actual  work  is  a  transverse  one,  which  is  really  a  combina- 
tion of  crushing  and  tensile  strains,  for  if  a  prism  or  beam 
supported  at  each  end  is  weighted  in  the  centre  until 
fracture  occurs,  the  upper  portion,  where  the  weight  is 
applied,  is  subjected  to  a  crushing  strain,  and  the  lower  half 
to  a  tensile  strain.     To  ascertain  the  resistance  of  cement 
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to  a  transverse  strain,  it  is  sometimes  specified  that  beams 
or  prisms  of  cement,  of  i-inch  sectional  area,  shall  be 
supported  at  each  end,  and  weighted  in  the  centre  until 
fracture  occurs.  To  meet  the  requirements  of  a  specifica- 
tion requiring  such  a  test,  the  late  Henry  Faija  devised 
the  machine  shown  in  fig.  85,  in  which  the  prism  is  8 
inches  long,  resting  upon  supports  6  inches  apart.  The 
strain  is  applied  by  means  of  bevel  wheels  actuating  a 
vertical  screw,  which  exerts  a  strain  on  the  prism  through 
the  spring  balance,  on  much  the  same  principle  as  the 
Faija  machine  for  ascertaining  tensile  strength.  As  in  the 
former  machine,  the  dial  of  the  balance  is  provided  with 
a  loose  pointer,  which  stops  when  the  prism  breaks,  and 
indicates  the  breaking  strain.  A  sample  of  ordinary 
English  manufacture,  tested  under  these  conditions  some 
ten  years  ago,  gave  the  following  results,  after  seven 
days'  immersion  in  water  as  usual : — 
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No.  1  broke  at  . 
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Average  92*8  lbs. 

It  is,  however,  a  test  that  is  very  rarely  asked  for,  only 
two  or  three  instances  having  come  under  the  author's 
notice  during  the  past  thirty  years. 


CHAPTER  V 

SETTING  PROPERTIES 

The  setting  properties  of  cement  are  not  of  paramount 
importance,  unless  the  sample  is  either  abnormally  quick- 
setting  or  abnormally  slow-setting.  In  the  former  case, 
especially  during  hot  weather,  there  is  danger  of  its  being 
killed,  i.e.-  manipulated  after  setting  has  commenced,  and 
thus  its  constructive  value  materially  weakened,  if  not 
irretrievably  damaged  ;  in  the  latter  case,  especially  during 
cold  weather,  it  may  cause  delay  and  loss  owing  to  the 
retardation  of  the  work  in  which  it  is  employed.  For 
general  purposes,  however,  a  slow-setting  cement  is  to 
be  recommended,  a  quick-setting  material  being  rarely 
advisable,  except  for  tidal  purposes  and  work  of  a  similar 
nature,  where  it  is  requisite  that  the  cement  shall  set 
sufficiently  quickly  to  resist  the  action  of  the  incoming 
tide,  and  thus  prevent  the  separation  of  the  cement  from 
the  sand  and  aggregate. 

The  setting  time  of  cement  may  be  conveniently  divided 
into  two  periods,  termed  respectively  the  "  initial  set"  and 
"set  hard."  The  object  of  determining  the  "initial  set"  is 
to  ascertain  how  long  it  may  be  worked  and  manipulated 
without  detriment.  According  to  Le  Chatelier,  the  setting 
of  cement  is  caused  by  the  formation  of  a  supersaturated 
solution,  which  subsequently  deposits  crystals  ;  the  rapidity 
with  which  these  crystals  are  formed  and  deposited  con- 


stitutes  the  rapidity  or  slowness  of  the  setting  of  a  cement. 
After  adding  water  to  a  cement,  and  reducing  it  to  a  suitable 
paste,  a  period  arrives  when  the  mass  is  no  longer  fluid 
or  mobile ;  the  water  disappears  from  the  surface,  and  it 
loses  its  shiny  appearance.  The  period  which  elapses  be- 
tween the  addition  of  the  water  and  the  moment  when  the 
mass  loses  its  fluid  condition,  is  called  the  time  of  "  initial 
set"  With  a  quick-setting  cement  this  period  is  very 
distinctly  marked,  the  change  of  condition  from  fluid  to 
solid,  owing  to  the  rapid  formation  and  interlocking  of  the 
crystals,  being  readily  recognisable.  With  a  slow-setting 
cement,  the  change  is  very  often  so  gradual  as  to  be 
scarcely  noticeable,  and  a  great  many  of  the  slow-setting 
varieties  of  cement  have  no  absolutely  definable  initial 
set. 

The  time  of  "  set  hard,"  which  is  a  purely  arbitrary  term, 
is  the  time  which  a  cement  takes  to  acquire  suflicient  hard- 
ness to  withstand  certain  pressure  without  leaving  any 
indentation.  The  original  method  of  ascertaining  the  time 
of  set  hard,  was  simply  to  subject  the  pat  to  the  pressure 
of  the  thumb  nail,  and  when  no  appreciable  indentation 
could  be  made,  the  sample  was  considered  set  hard.  This 
test  is  decidedly  of  the  rule-of-thumb  order,  but  it  fully 
serves  its  purpose,  and  it  is  doubtful  whether  some  of  the 
more  elaborate  methods  at  present  in  use  for  determining 
the  setting  of  cement  are  any  material  improvement-  The 
thumb  nail  is  an  instrument  that  is  always  available  for 
the  purpose,  and  although  of  course  the  pressure  depends 
to  a  considerable  extent  upon  the  muscular  development 
of  the  operator,  it  aflbrds  a  very  good  guide  as  to  what  is 
wanted.  The  method  adopted  by  Falja  for  determining 
the  time  of  set  hard,  was  as  follows :  "  A  pat,  gauged  with 
the  minimum  of  water,  and  placed  on  a  glass  slab,  is 
subjected    to    a  'Vicat  needle'  every  ten   minutes,  the 
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needle  being  allowed  to  rest  on  it  for  one  minute.  When 
the  needle  makes  no  appreciable  mark  or  indentation, 
the  sample  is  considered  '  set  hard.'  The  needle  has  a  flat 
point  of  0*1  inch  diameter,  and  is  loaded  with  a  weight  of 
three  pounds." 

Several  users  in  this  country  have  recently  adopted 
some  modification  of  the  Continental  method  of  ascertaining 
the  setting  time,  which  may  be  briefly  described  as  follows : 
A  circular  brass  mould,  8  cm.  diameter  by  4  cm.  deep, 
resting  on  a  non-porous  bed,  is  filled  with  cement  mixed 
with  water  to  "  normal  consistency."  The  cement  is  con- 
sidered to  be  of  "normal  consistency"  when  a  plunger, 
I  cm.  diameter,  and  loaded  to  300  grams,  penetrates  to 
within  6  mm.  of  the  bottom  of  the  mould.  The  period  of 
the  initial  set  is  when  a  needle,  having  a  sectional  area  of 
I  mm.,  and  weighted  to  300  grams,  will  not  penetrate  to 
the  bottom  of  the  mould ;  while  the  cement  is  considered 
set  hard,  when  the  needle  makes  no  appreciable  indentation 
upon  the  surface  of  the  cement 

The  chief  point  of  difference  between  the  above  and  the 
method  adopted  by  Faija,  is  that  the  quantity  of  water 
required  to  obtain  "  normal  consistency  "  is  from  27  to  30  per 
cent,  whereas  the  minimum  of  water,  as  prescribed  by  Faija, 
would  be  from  18  to  20  per  cent,  the  smaller  percentage  of 
water  naturally  causing  a  quicker  initial  set. 

As  will  be  seen  on  reference  to  the  Appendix,  the  above 
mentioned  Continental  method  has  been  substantially 
adopted  in  the  latest  revised  edition  of  the  British 
Standard  Specification,  except  that  the  i  cm.  plunger  for 
determining  normal  consistency  is  dispensed  with.  In  the 
earlier  editions  of  the  British  Standard  Specification, 
published  in  1904  and  1907,  the  method  adopted  was  more 
on  the  lines  advocated  by  Faija,  the  clause  referring  to 
setting  time  being  as  follows  : — 


"The  cement  shall  be  considered  set  when  a  needle 
having  a  flat  end  ^  inch  square,  weighing  in  all  2}  lbs., 
fails  to  make  an  impression  when  its  point  is  applied 
gently  to  the  surface" 

In  these  earlier  editions  of  the  British  Standard 
Specification  the  determination  of  the  initial  set  was  omitted 
altc^ether,  only  the  final  set  being  specified,  and  a  cement 
was  deemed  to  be  quiclc,  medium,  or  slow-setting,  accord- 
ing to  the  time  which  elapsed  before  it  ceased  to  give  an 
impression  with  the  above  needle,  i.e., 

Quick,      not  less  than  lo  minutes  nor  more  than  30  minutes. 
Medium,  „  3^       •>  »  '  hours. 

Slow,  „  3  hours  „  s      •> 

The  omission  of  the  initial  set  was  the  weakest  point  in 
these  earlier  editions  of  the  British  Standard  Specification, 
for,  as  a  general  rule,  a  knowledge  of  the  initial  setting 
properties  of  a  sample  is  of  vastly  greater  importance 
than  the  determination  of  the  arbitrary  period  termed 
"set  hard,"  which  frequently  has  no  relation  whatever  to 
the  ultimate  hardening  properties  of  the  mass.  Instances 
often  occur  in  which  a  sample  has  a  quick  initial  set  and 
then  hardens  up  very  slowly,  so  that  although  it  would 
continue  to  leave  an  impression  for  an  hour  or  so  after 
gauging,  and  thus  come  within  the  definition  of  medium, 
or  even  slow-setting  cement,  according  to  above  table,  it 
might  have  such  a  very  quick  initial  set  as  to  be  absolutely 
unusable: 

It  has  been  conclusively  proved  in  practice,  that  if 
cement  is  worked  or  manipulated  after  setting  has  com- 
menced, its  strength  is  very  seriously  impaired.  This 
can  be  very  readily  explained.  On  adding  water,  what- 
ever may  be  the  action  which  takes  place,  it  is  very  certain 
that  crystals  are  formed,  and  when  the  initial  set  com- 


mences,  and  the  mass  is  no  longer  fluid,  it  is  an  indica- 
tion that  these  crystals  have  commenced  to  interlock. 
If  now  by  overworking,  or  "killing,"  as  it  is  generally 
called,  these  crystals  are  broken  up  again,  their  lock 
or  bond  is  destroyed,  and  the  strength  and  cohesion  of 
the  material  correspondingly  diminished.  It  is  therefore 
of  the  greatest  importance,  in  practice,  that  the  cement 
should  not  be  worked  or  manipulated  after  setting  has 
commenced,  and  care  should  be  taken  that  only  such 
a  quantity  is  mixed  at  a  time,  as  can  be  thoroughly 
incorporated  and  placed  in  its  allotted  position  before 
setting  commences. 

The  setting  of  cement  involving  chemical  action,  it  is, 
like  most  chemical  actions,  accelerated  by  heat  and  re- 
tarded by  cold,  and  therefore  a  cement  which  has  certain 
setting  properties  at  the  normal  temperature  of  60°  F.,  will 
have  these  properties  considerably  modified  at  higher 
or  lower  temperatures.  This  point  was  particularly 
referred  to  by  the  author  in  a  paper,*  read  before  the 
Society  of  Engineers  some  eighteen  years  ago,  from  which 
the  following  is  a  quotation : — 

"Temperature  and  climatic  influences  play  a  very 
important  part  in  the  setting  of  cement.  The  author's 
attention  was  particularly  drawn  to  this  matter  a  very 
short  time  ago.  A  shipment  of  cement,  which  had  been 
tested  in  the  ordinary  course  before  leaving  England, 
satisfactorily  passed  the  requirements  of  the  specifica- 
tion as  to  set,  but  on  reaching  its  destination  in  a  hot 
climate,  the  engineer  in  charge  complained  that  it  set 
too  quickly.  This  induced  the  author  to  institute  a 
series  of  experiments  to  ascertain  the  comparative  time 
of  set  at  different  temperatures,  the  results  of  which  are 
given  in  the  following  table.     In  each  series  of  experi- 

'   TraniacHms  SacUly  ef  Engineers,  1895.  ^ 


ments  an  exactly  similar  amount  of  water  was  used  for 
gauging,  the  water  being  of  the  same  temperature  as 
the  chamber  in  which  the  pats  were  placed,  and  to 
ensure  a  moist  atmosphere,  the  bottom  of  the  chamber 
was  lined  with  a  damp  cloth.  The  cements  were  not 
in  any  way  chosen  specially  for  this  experiment,  but 
have  been  arranged  in  the  table  according  to  their  time 
of  initial  set  The  difference  in  setting  is  distinctly 
marked  at  each  temperature,  more  especially  between 
40°  and  the  normal  60°  F." 

Influence  of  Temperature  on  the  Setting  o? 
Portland  Cement. 
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probably  due  to  the  presence  of  a  small  percentage  of 
sulphate  of  lime,  or  gypsum,  which  matter  will  be  referred 
to  later. 
It  is  scarcely  necessary  to  add  that  the  quantity  of 


water  used  for  gauging  materially  affects  the  setting  pro- 
perties of  a  sample,  an  excess  of  water  retarding,  and  very 
dry  gauging  accelerating,  the  time  of  set  Assuming  Le 
Chatelier's  supersatu ration  theory  to  represent  the  action 
which  takes  place,  it  is  very  evident  that  the  more  water 
added,  the  less  quickly  would  the  solution  become  super- 
saturated, and  consequently  the  longer  the  period  that 
would  elapse  before  crystallisation,  i.e.  setting,  commences ; 
and  vice  versd  with  a  very  small  quantity  of  water.  As 
stated  previously,  the  minimum  of  water  should  always 
be  used,  so  that,  after  thoroughly  trowelling  and  beating 
the  mass  together  into  a  pat,  the  water  just  rises  to  the 
surface. 

As  already  mentioned  in  the  chapter  specially  treating 
on  that  subject,  the  fineness  to  which  a  cement  is  ground 
largely  affects  its  setting  properties;  the  finer  a  cement  is 
ground,  the  quicker  setting  it  becomes,  owing  to  the  greater 
facility  which  is  afforded  to  the  water  to  combine  with  it  A 
cement  that  has  an  initial  set  of  ten  minutes  when  ground 
to  what,  up  to  within  the  last  few  years,  was  considered  a 
well-ground  cement,  viz.  leaving  about  ro  per  cent,  on  a  50 
sieve,  will  be  found  to  commence  to  harden  within  a  minute 
or  so,  if  ground  so  as  to  all  pass  through  a  sieve  of  y6 
meshes  per  lineal  inch.  The  table  on  p.  270  gives  the  result 
of  some  experiments,  carried  out  by  the  author  a  short 
time  ago,  as  to  the  effect  of  finer  grinding  on  the  setting 
properties  of  cement* 

In  several  cases  it  will  be  seen  that  finer  grinding  im- 
mensely accelerates  the  setting  properties  of  the  samples. 
Cement  L,  for  instance,  when  ground  to  the  ordinary 
degree  of  fineness,  has  an  initial  set  of  twenty-five  minutes, 
and  is  set  hard  in  forty-five  minutes,  while,  when  reground 
extremely  fine,  it  commences  to  set  within  one  minute  of 

'  Practddings  Imtilulien  Civil  Engintirs,  voL  cxixii.  p.  35a 
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adding  the  water,  and  crystallisation  proceeds  at  such  a 
rapid  rate,  that  it  is  set  hard  in  five  minutes.  No  doubt 
the  setting  is  accelerated  in  two  ways:  firstly,  by  the 
water  being  able  to  more  readily  combine  with  it ;  and 
secondly,  by  the  heat  evolved  by  the  rapid  crystallisa- 
tion warming  the  mass,  and  thereby  further  accelerating 
its  setting. 

As  has  already  been  stated,  the  setting  of  cement  is 
a  process  of  crystallisation,  and,  like  most  processes  of  a 
similar  nature,  it  evolves  more  or  less  heat,  the  amount  of 
heat  evolved  depending  upon  the  vigour  and  intensity  of 
the  crystallisation,  or,  in  other  words,  upon  the  time  which 
a  cement  takes  to  set  Until  some  twenty-five  years  ago, 
Faija  made  a  rule  of  noting  the  rise  of  temperature  of  a 
cement  during  setting,  as  indicating  its  setting  properties. 
A  greased  thermometer  was  placed  in  the  pat  immediately 
after  gauging,  and  the  temperature  noted.  As  the  setting 
proceeded,  the  temperature  was  found  to  rise  until  a 
maximum  was  reached,  the  period  occupied  in  reaching 
this  maximum  depending  upon  the  setting  properties  of 
the  sample.  After  the  maximum  was  reached,  the 
temperature  was  found  to  gradually  recede,  until  the  pat 
had  returned  to  the  original  temperature.  The  time  which 
elapsed  between  the  addition  of  the  water  and  the  return 
to  normal  temperature,  was  considered  the  time  which  a 
cement  took  to  set  This  test  was  shortly  afterwards 
abandoned  for  the  weighted  needle  test,  previously 
mentioned,  and  very  properly  so ;  for,  although  the 
particulars  of  the  rise  in  temperature  during  setting  may 
afford  very  valuable  information  as  to  the  primary  setting 
properties  of  the  sample,  it  is  a  little  difficult  to  under- 
stand what  relation  the  return  to  normal  temperature  bears 
to  the  period  of  set  hard. 

In  bis  paper  on  the  Vyrnwy  Dam  of  the  Liverpool 


Waterworks,'  the  late  Dr  Deacon  advocated  the  observation 
of  the  rise  of  temperature  during  setting  as  a  test  for  free 
lime.     He  stated : 

"It  was  required  that  the  cement  as  delivered  should 
be  slow  setting.  In  the  earliest  stages  of  the  work  the  con- 
dition  of  such  cement,  as  r^ards  the  presence  of  free  or 
loosely  combined  lime,  was  determined  by  the  old  method 
of  making  thin  pats  and  observing  the  degree  of  tendency 
to  crack  after  many  days,  but  this  was  subsequently 
abandoned  for  a  perfectly  simple  and  exhaustive  test 
which  could  be  made  in  a  (ew  minutes,  and  which  the 
author  has  adopted  ever  since.  A  hand  sample  of  cement, 
a  small  vessel  of  water,  a  marmalade  pot  and  a  thermometer, 
are  left  together  for  a  short  time  to  acquire  a  uniform 
temperature.  The  cement  is  then  gauged  in  the  pot  as 
quickly  as  possible,  with  just  sufficient  water  to  render  it 
plastic,  and,  the  thermometer  being  immediately  pressed 
into  it,  the  initial  temperature  is  recorded.  If  within 
fifteen  minutes  the  rise  of  the  thermometer  exceeds  2°  F., 
or  within  sixty  minutes  3°  F.,  the  cement  is  further 
exposed  before  use.  No  bin  of  cement  was  certified  for 
use  on  the  works  until  it  had  passed  one  of  these  tests. 
This  precaution,  combined  possibly  with  the  comparatively 
dry  method  of  manipulation  already  described,  is  so 
effective,  that  where  it  has  been  adopted,  the  author  has 
never  seen  a  hair  crack  of  the  kind  so  familiar  where  fresh 
cement  is  used-" 

In  the  discussion  which  ensued,  the  author  challenged 
the  utility  of  this  test,  and  maintained  that  the  rise  of 
temperature  during  setting  was  rather  due  to  the  chemical 
action  of  crystallisation,  than  to  the  presence  of  free  lime, 
and  it  was  chiefly  to  illustrate  this  point  that  the  experi- 
ments quoted  in  the  table  on  page  270  were  undertaken. 

1  fyvtuJiKgi  /ntiiitumi  Cwii  EiigiHurt,  vol.  czxvi.  pp.  46,  etc. 


tremely  slow-setting  cement,  which  in  view  of  the  special 
method  of  manipulation  adopted  by  Dr  Deacon  was 
absolutely  imperative,  in  no  way  guards  against  an 
unsound  one,  and  moreover  imposes  needless  and  irritating 
restrictions  upon  the  manufacturer.  Several  instances  of 
specifications  containing  some  such  clause  as  that  above 
mentioned,  and  evidently  copied  from  Dr  Deacon's  paper, 
have  since  come  under  the  author's  notice,  and  he  there- 
fore trusts  that  the  foregoing  experiments  have  conclusively 
demonstrated  the  delusive  character  of  such  a  test  as 
regards  "  free  lime  "  or  unsoundness.  Although,  of  course, 
a  user  requiring  an  extremely  slow-setting  cement  may, 
by  prolonged  aeration,  render  it  so  slow  setting  as  to  show 
practically  no  increase  in  temperature  during  setting ;  to 
compel  a  manufacturer  to  supply  a  cement  complying  with 
such  a  test,  is  tantamount  to  asking  for  one  containing 
admixtures  of  gypsum,  or  similar  material,  to  artificially 
render  it  slow  setting. 

Nor  does  it  by  any  means  follow,  that  because  a 
cement  develops  considerable  increase  of  temperature 
during  setting,  that  it  is  therefore  too  quick  setting  for 
proper  use.  To  quote  from  the  paper  just  previously 
mentioned ' ; — 

"  The  mere  statement  that  a  cement  shows  a  rise  of  i  $" 
or  20°  F.  during  setting  really  indicates  nothing,  except 
that  at  some  period  or  other  during  setting,  the  crystallisa- 
tion was  very  rapid.  It  frequently  happens  that  a  cement 
does  not  commence  to  set  until  fifteen  or  twenty  minutes, 
or  often  longer,  after  the  addition  of  water,  and  then  the 
crystallisation  proceeds  at  such  a  rapid  rate,  that  it  is  set 
hard  within  fifteen  or  twenty  minutes  from  the  time  that 
the  hardening  commenced.  Four  examples  of  this  kind 
are  given  in  the  following  table. 

'  Tramacluins  Seciely  ef  Engineers,  1903. 


"  To  make  the  matter  perrectly  clear  a  diagram  of  the 
temperature  curve  of  sample  No.  X.  is  given  below  (fig.  86). 

"  To  assume,  therefore,  that  because  a  cement  shows 
a  considerable  rise  of  temperature,  it  is  consequently  too 
quick  setting  for  ordinary  use,  is  altogether  fallacious, 
because  a  cement  which  has  an  initial  set  of  ten  or  fifteen 
minutes  when  gauged  neat,  would  have  that  time  prolonged 
to  at  least  thirty  or  forty-five  minutes  when  mixed  with 
sand  or  a^regate,  which  is  ample  time,  in  most  classes  of 
constructional  work,  to  allow  of  the  concrete  being  got  into 
position  before  setting  commences.    When  once  the  concrete 


6       8      10     12     14     le     IS     20 

minutei  after  gauging. 
Fig.  86. 

is  in  position,  and  at  rest,  it  surely  cannot  matter  how  soon 
or  how  rapidly  the  hardening  proceeds ;  in  fact,  in  many 
cases  rapid  hardening  is  an  advantage,  as  it  allows  the 
work  to  be  proceeded  with  more  quickly  than,  for  instance, 
if  the  subsequent  induration  were  so  slow  as  to  prevent  the 
centres  being  struck,  or  more  weight  being  placed  upon  the 
previously  completed  work  than  it  would  safely  bear," 

The  tendency  of  late  years  has  been  to  specify  more 
finely  ground  cements  and  at  the  same  time  slow-setting 
ones;  as  has  been  shown  in  the  preceding  experiments, 
the  two  properties  are  absolutely  antagonistic,  unless 
artificial    means    of    retarding   the    setting,  such   as   the 


'  CinuHtiti  Ckaux Hydrauliqueit'E.  Candlot,  1891. 
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"  Setting, — The  retardation  of  set  caused  by  the  addi- 
tion of  gypsum  to  cement  varies  according  to  the  quantity 
of  gypsum  employed. 

"  But  the  action  of  gypsum  on  the  setting  of  cement  is 
not  always  permanent,  and  it  very  often  happens  that  if 
a  cement  containing  an  admixture  of  gypsum  is  gauged  a 
long  while  after  the  gypsum  has  been  added,  it  sets  very 
quickly ;  this  effect  is  produced  particularly  with  cements 
which  set  very  quickly  when  they  have  no  admixture  of 
gypsum,  and  which,  after  the  gypsum  has  been  added, 
have  been  exposed  to  the  air  for  several  days,  [The 
results  of  some  experiments  on  this  point  are  shown  on 
next  page.] 

"  When  a  cement  is  preserved  from  contact  with  air, 
the  set  may  again  become  quick  after  a  lapse  of  a  very 
long  period. 

"  Example, — Cement  mixed  with  2  per  cent,  of  gypsum 
and  preserved  in  an  air-tight  flask. 


Initial  Set 

Set  Hard. 

Tests  made  the  same  day      . 

h.  m. 
3     0 

h.  m. 

6  45 

„           I  month  after     , 

2  50 

5    0 

„           2  months  after   . 

I  30 

7    0 

»i           5            w           • 

0  10 

0  18 

"  Cements  containing  an  admixture  of  gypsum,  present 
this  peculiarity,  that  they  often  set  more  rapidly  when 
gauged  with  sea  water  than  when  gauged  with  fresh 
water. 

"  When  a  cement  containing  gypsum  has  been  exposed 
to  the  air  and  has  become  quick  setting  again,  it  sets 
quicker  when  gauged  to  a  thin  consistency  with  an  excess 
of  water,  than  when  it  is  gauged  to  a  stiff  paste  with  very 
little  water.  This  is  contrary  to  that  which  always  takes 
place  with  cements  not  containing  admixtures  of  gypsum, 
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^*^                           *           «   *                               f    ^%                                  A 

Set  with  Fresh  Water. 

Descnption  of  Cement. 

Initial  Set 

Set  Hard. 

I. 

Cement  mixed  with  3  per  cent, 
gypsum 

oi 

h. 

m. 

h. 

m. 

Tests  made  the  same  day    . 

I 

0 

7 

0 

„           4  days  after 

0 

5 

2 

15 

„           7        » 

0 

5 

0 

20 

19             II            n 

0 

8 

0 

30 

IS 

0 

5 

0 

30 

19 

0 

7 

0 

35 

n             24           V 

0 

5 

0 

25 

32 

0 

10 

0 

30 

41 

0 

45 

5 

30 

2. 

Cement  mixed  with  2  per  cent, 
gypsum — 

01 

f 

Tests  made  the  same  day    . 

5 

0 

19 

0 

„           12  days  after    . 

1 

4 

40 

U 

0 

21         „ 

0 

18 

0 

50 

3- 

Cement  mixed  with   i  per  cent, 
gypsum- 

oi 

• 

Tests  made  the  same  day    . 

1 

5 

30 

8 

30 

„           8  days  after 

0 

18 

2 

30 

15 

< 

0 

II 

0 

20 

4. 

Cement  mixed  with   i  per  cent, 
gypsum — 

oi 

Tests  made  the  same  day    . 

< 

6 

0 

9 

30 

„           8  days  after 

« 

4 

30 

8 

0 

»          15        » 

1 

0 

IS 

0 

30 

»i         30        i> 

« 

• 

•  • 

7 

0 

foritana  t^emenc  i  esiing 
Tests  with  Fresh  Cement. 


Peiod 

SBSir 

QuDlilT  oT  GypuD  >d<]»l  u.  Iht  C»».t. 

c'i^g. 

ops  coil. 

iperctBI. 

3  per  urn. 

3P-«L 

,p«™.. 

IJ 

^1 

n 

^1 

II 

^j 

M 

il 

% 

4 

7  days 

k. 
342 

k, 
39'2 

k. 

4S-S 

k. 

53-1 

k. 

375 

k. 
43-0 

k. 
30-6 

k. 

31-5 

.i. 

25-9 

zS    „ 

47-4 

51-6 

5' "9 

60-6 

47S 

S87 

5.^7 

634 

M-o 

26-2(0 

3  months 

SI7 

M-5 

SS-' 

S07 

59-0 

65-9 

62-1 

69-3(0 

65-. 

25-6  (3) 

6      „ 

5o'9 

S'"S 

S9"2 

597 

hr<^ 

So-oC) 

63-J 

67-0  (3) 

r2'4, 

0    (4) 

*■ 

12     .. 

60-6 

JS-i 

597 

48-3 

63-9 

3  ■■9(3) 

656 

7a'o{3) 

800 

0 

7  days 

157 

'49 

■77 

17-0 

■8-5 

.6-, 

13^ 

■  3'4 

sj 

9-9 

MortM  J 

28     „ 
J  mODlhs 

23-4 

30-0 

iS'o 

2I'6 

26-6 

34'2 

23-1 
259 

z6-6 

327 

20-2 
241 

25-2 
33« 

tS'4 
23-6 

"1 

0    (4) 

6      ,. 

in 

23'' 

377 

257 

3S7 

28'Q 

38-^ 

29-2 

361 

0 

"     ., 

35'S 

28'i 

377 

27'S 

36-0 

3^-9 

377 

310 

4I-S 

0 

/■ 

rd«y. 

16-9 

197 

19-9 

■5-5 

... 

ii7 

3toi, 

i8     „ 

28-6 

359 

337 

29s 

j6-9 

"frH 

jmoDlbs 

3S2 

43-4 

42-9 

40-1 

V 

^-\ 

6      ,. 

44-2 
53*o 

45-2 
49-S 

45-6 
50-4 

... 

50'5 

46-9 

NOTR.— I  kilogramme  pel  square  centimetre^  14-138  lbs.  per  tquare  inch. 
(i)  Briquettes  showing  (ornc  ligns  of  alteration. 

(3)  Briquettes  very  much  cracked  and  blown. 

(4)  Briquettes  completely  decomposed, 

"  Strength. — The  addition  of  small  quantities  of  gypsum 
to  Portland  Cement  results  in  increasing  its  strength. 
When,  however,  a  cement  is  kept  in  sea  water  and  the 
proportion  of  gypsum  added  exceeds  i  to  2  per  cent,  the 
mortar  is  not  long  before  it  shows  traces  of  alteration,  and 
the  briquettes  are  sometimes  completely  disint^rated. 
(See  table  above.) 


Cement  are  due  to  the  formation  of  a  sulpho-aluminate 
of  lime,  a  salt  which  he  succeeded  in  producing  artificially, 
and  to  which  he  attributes  the  formula  (Al^OaiSCaO)  2-$ 
(SOgCaO).  From  this  he  deduces  the  following  theory: — 
"It  is  well  known  that  alumtnate  of  lime  is  insoluble  in 
a  saturated  solution  of  lime.  If,  then,  sulphate  of  Urae  and 
free  lime  are  present  together  with  aluminate  of  lime,  it 
follows  that  the  combination  of  the  sulphate  of  lime  with 
the  aluminate  can  take  place  but  very  slowly,  because 
the  aluminate  cannot  become  hydrated  on  account  of 
the  immediate  solution  of  the  lime.  Thus,  a  mixture  of 
powdered  aluminate  of  lime,  of  sulphate  of  lime  and  of 
slaked  lime,  having  been  shaken  with  an  excess  of  distilled 
water,  produced  the  following  results : — 


Periods  after  which  Samplei  of  the 
Liqaid  were  taken. 

Matters  in  Solution  per  Litre  of 
Liquid  in  Grammes. 

GiO. 

"Vr 

SO,.CaO. 

to  minutes 

.?85 

nil 

>'734 

3  hours 

ro85 

1-632 

6     „ 

o-SJS 

.-63- 

11    „ 

O-930 

1-504 

8  days         

.•o8s 

nil 

I  month 

0-304 

"  The  above  shows  that  the  combination  of  the  sulphate 
with  the  aluminate  only  takes  place  after  a  considerable 
period,  the  aluminate  becoming  hydrated  but  very  slowly. 

"  In  Portland  Cements  of  the  best  manufacture,  there 
always  exists  a  little  free  lime ;  and,  as  they  contain  very 
little  alumina,  this  free  lime,  by  rapidly  dissolving,  prevents 
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the  hydration  of  the  aluminate ;  the  sulphate  of  lime  be- 
coming dissolved  in  turn,  and  not  being  able  to  combine 
with  the  aluminate,  adds  its  action  to  that  of  the  lime  in 
annulling  the  function  of  the  aluminate;  as  it  is  to  this 
salt  that  setting  is  attributable  when  it  takes  place  rapidly, 
a  slow-setting  cement  results. 

"  If  the  free  lime,  by  being  sufficiently  exposed  to  the 
air,  becomes  carbonated,  at  the  moment  when  the  cement 
comes  into  contact  with  the  water,  the  lime  dissolves  less 
freely,  and  nothing  prevents  the  solution  of  the  aluminate ; 
the  combination  with  the  sulphate  of  lime  can  take  place, 
and  the  sulpho-aluminate  formed,  as  well  as  the  excess  of 
aluminate,  by  crystallising,  determine  the  rapid  setting  of 
the  cement." 

Candlot  then  gives  the  following  experiment  to  show 
that  the  above  is  probably  what  takes  place. 

1.  A  fresh  cement  to  which  gypsum  has  been  added, 

and  setting  slowly  with  fresh  water,  sets  quickly  if  gauged 

with  a  solution  containing  a  sufficient  quantity  of  carbonate 

of  soda  to  neutralise  the  free  lime,  for  example : — 

Set 

a.  Cement  with  i  per  cent  of  gypsum  added,      h.      m. 

gauged  with  pure  water        ...80 

b.  Same  cement,  gauged  with  a  solution  of  car- 

bonate of  soda  containing  2  grammes 

per  litre o    30 

2.  A  cement  with  gypsum  added  is  left  exposed  to  the 
air,  and  at  the  end  of  several  days  it  becomes  quick 
setting ;  if  now  a  small  quantity  of  slaked  lime  is  added 
to  the  cement,  it  is  rendered  very  slow  setting. 

InitUl  Set      Set  Hard. 

a.  Cement  containing  2  per  cent,  of  h.  m.  h.  m. 

gypsum                .         .         .  o  20  2  30 
Same  cement,  to  which  2  per  cent. 

pf  lime  has  been  added        .  6  o  10  o 
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Initial  Set.     Set  Hard. 
b.  Cement  containing  i  per  cent  of     h.     m.        h.     m. 

gypsum       .        .        .         .       o     10        o     20 

Same  cement,  to  which  2  per  cent 

of  lime  has  been  added        .10        80 

The  foregoing  results  show  conclusively  that  additions 
of  gypsum  are  not  always  an  unmixed  advantage,  and,  as 
before  stated,  the  exact  effect  of  such  admixtures  require 
to  be  more  fully  understood  and  realised  before  they  can 
be  lightly  accepted.  Of  course,  from  the  manufacturer's 
point  of  view,  admixtures  of  gypsum  or  some  material 
having  the  effect  of  retarding  the  setting  of  cement  are 
an  absolute  necessity  to  those  who  are  bound  by  their 
specification  to  supply  a  slow-setting  and  finely  ground 
cement  Such  admixtures  would  be  more  especially 
appreciated  during  the  summer  months,  and  in  tropical 
climates,  where  the  natural  quick-setting  properties  of  a 
cement  are  materially  aggravated  by  climatic  conditions 
of  temperature,  etc.  Where  such  small  additions  of 
material  like  gypsum  are  found  to  produce  such  marked 
results,  another  difficulty  that  must  not  be  overlooked, 
is  the  danger  arising  from  imperfect  incorporation  of  the 
admixture  with  the  whole  of  the  cement  It  is  usual  to 
add  the  gypsum  to  the  clinker  at  the  crushers,  in  the 
course  of  manufacture,  and  it  will  be  readily  understood 
that  the  regular  and  uniform  addition  of  such  small 
quantities  as  \  and  i  per  cent  is  no  easy  matter  ;  in  fact, 
that  was  the  reason  recently  put  forward  by  one  large 
firm  of  manufacturers  for  not  employing  such  additions 
unless  they  were  absolutely  obliged. 


'  jyaHiatHffHt  SotUly  »f 
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It  will  be  seen  that  a  cement  a  year  old  weighs  about 
1 8  lbs.  less  per  bushel  than  when  fresh,  or  loses  about 
15*9  per  cent,  while  at  six  months  the  loss  is  about  11*55 
per  cent.  Then,  again,  the  finer  a  cement  is  ground  the 
less  it  weighs  per  striked  bushel,  so  that  to  ask  for  a  heavy 
cement  is  tantamount  to  asking  for  a  coarsely  ground  one. 
Though  this  is  pretty  generally  known  now,  the  following 
experiments  made  by  the  same  authority  several  years  ago 
may  be  of  interest : — 


No.  I  cement      .... 

The  same  cement  ground  to  all  pabs  a 
100  X  100  sieve 

No.  2  cement       .... 

The  same  cement  ground  to  all  pass  a 
50  X  50  sieve    .... 

No.  3  cement       .... 

The  same  cement  ground  to  all  pass  a 
50  X  50  sieve    .... 

No.  4  cement       .... 

The  same  cement  ground  to  all  pass  a 
50  X  50  sieve    .... 

No.  5  cement       .... 

The  same  cement  ground  to  all  pass  a 
50  X  50  sieve    .... 


Residae  on 

No.  50x50 

Sieve. 


Weight  per 
Bushel. 


lbs. 
1 09  J 

100^ 

114 

104 
116 

109 
ii6i 

112 
105 


To  the  manufacturer  the  weight  per  bushel  may  be 
of  some  considerable  value,  as  the  author  has  found  in 
practice ;  every  manufacturer  knows  what  his  cement 
should  weigh  if  properly  calcined  and  ground  to  a  certain 
degree  of  fineness,  and,  by  periodically  taking  the  weight 
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per  bushel  throughout  the  day,  he  is  able  to  keep  a  check 
upon  the  amount  of  calcination  it  has  received. 

In  ascertaining  the  weight  per  bushel,  the  measure 
should  be  filled  as  lightly  as  possible,  and  the  contents 
struck  off  level  at  the  top. 


.0 


Fig.  87. 
The  object  of  every  apparatus  used  for  determining  the 
weight  per  bushel  is  that  the  cement  shall  fall  into  the 
measure  in  a  steady  uniform  stream  from  a  given  height, 
it  being  very  evident  that  if  it  is  roughly  shovelled  in,  the 
weight  will  be  considerably  greater  than  when  lightly  filled. 
Fig.  S7  is  a  sectional  illustration  of  the  hopper  devised  and 


used  by  the  late  Henry  Faija.  It  consists  of  an  ordinary 
hopper,  A,  carried  in  a  suitable  framing,  and  of  suflicient 
capacity  to  hold  rather  more  than  a  bushel  of  the  material 
to  be  weighed.  At  its  apex  is  a  horizontal  conveyor  trough, 
into  which  the  cement  falls,  and  by  turning  the  handle  D, 
which  actuates  the  conveyor,  it  is  brought  forward  to  the 
opening  E,  whence  it  falls  into  the  measure  in  a  steady 
uniform  stream.  When  the  measure  is  piled  full,  the  hole 
E  is  closed  by  the  handle  F,  which  works  a  sliding  shutter. 
The  cement  can  then  be  struck  off  level  at  the  top  with  a 
stra^ht-edge  in  the  usual  way  For  use  on  works  the  lower 
part  is  made  open  as  shown.  For  testing-room  use,  where 
the  dust  arising  from  the  filling  and  striking  off  of  the 
mefisure  would  be  a  source  of  considerable  annoyance,  the 
lower  part  of  the  framing  is  boarded  up  and  enclosed, 
so  that  the  whole  of  the  dust  is  confined  within  it.  A 
movable  door  is  arranged  at  the  front,  to  allow  of  the 
passage  of  the  bushel  measure,  which  is  run  in  and  out  on 
a  deep  tray  fitted  with  castors  to  facilitate  removal.  This 
tray  covers  the  whole  of  the  floor  space  of  the  apparatus, 
and  consequently  catches  all  the  superfluous  cement  in 
striking  ofT  Glass  shutters  are  arranged  at  each  side,  at 
about  the  level  of  the  top  of  the  bushel,  so  that  when  the 
measure  is  seen  to  be  full  the  straight-edge  can  be  passed 
through  over  the  top  and  the  contents  struck  off  level. 

The  specific  gravity,  i.t.  the  weight  of  a  substance  com- 
pared with  water,  is  a  more  reliable  criterion  of  the  relative 
weight  of  cement,  as  it  is  not  affected  by  the  fineness  of 
grinding;  the  age  of  the  sample,  however,  largely  affects 
its  specific  gravity,  though  not  to  such  a  degree  as  its 
weight  per  bushel.  The  following  experiments,  taken  from 
the  paper  previously  quoted,'  show  very  clearly  the  effect 
of  age  upon  the  specific  gravity  of  cement. 

'  TroHsatlieta  Sedety  e/Engirutrs,  iSSE. 
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No.  I. 

No.  2. 

No.  3. 

316 

3-13 
3-084 

3-018 
3"oi5 

No.  4. 

Specific  gravity  when  received 
„             in  one  month 
„             in  three  months   . 
„             in  six  months 
„             in  nine  months     . 

3-16 

3055 

3*095 
3016 

2-969 

3175 
3125 

2-965 

2*93 
2-9'5 

3-12 
3-109 

2-985 

2995 
2-985 

Loss  in  six  months  (per  cent.) 

4*55 

771 

4*49 

4*oo6 

Cement  being  a  hydraulic  material,  Le.  setting  under 
water,  it  is  impossible  to  estimate  its  specific  gravity  by 
weighing  in  water  in  the  ordinary  way,  and  it  is  therefore 
necessary  to  use  a  liquid  which  does  not  put  in  motion  its 
setting  properties.  The  most  convenient  and  generally 
used  liquids  for  this  purpose  are  ordinary  paraffin  and 
turpentine. 

The  method  used  by  some  operators  of  ascertaining  the 

specific  gravity  of  cement,  is  to  simply  estimate  the  weight 

of  paraffin   of  known   specific   gravity  displaced   by  icx) 

grains  of  cement,  and  calculate  the  specific  gravity  of  the 

latter  therefrom.      For  this  purpose  an   ordinary  specific 

gravity  bottle  with  a  perforated  stopper  is  used,  the  weight 

of  which  is  counterpoised  on  the  balance.     It  is  then  filled 

with  paraffin  and  weighed.     The  stopper  being  perforated, 

enables  it  to  be  filled  without  any  of  the  liquid  escaping 

down  the  side,  any  slight  excess  being  readily  intercepted 

through  the  stopper.     The  weight  of  the  paraffin   being 

recorded,  the  greater  part  of  it  is  emptied  out»  and  the  \QO 

grains  of  cement  introduced   into  the   bottle  by   means 

of  a  small  funnel.     The  stopper  is  then  replaced,  and  the 

bottle  and  the  contents  are  gently  shaken  to  get  rid  of  any 

air-bubbles.     The  bottle  is  then  again  filled  with  paraffin 

U 


and  weighed  :  its  weight,  minus  the  lOo  grains  of  cement, 
gives  the  actual  weight  of  paraffin  present,  and  the  differ- 
ence between  that  figure  and  the  weight  of  the  bottle  filled 
with  paraffin  only,  gives  the  weight  of  the  paraffin  displaced 
by  the  loo  grains,  or,  in  other  words,  the  relative  weights  of 
similar  bulks  of  paraffin  and  cement.  The  weight  of  the 
substance  taken,  divided  by  the  weight  of  paraffin  dis- 
placed, gives  the  specific  gravity  of  the  cement  compared 
with  paraffin;  this  result,  multiplied  by  the  specific  gravity 
of  the  paraffin,  gives  the  specific  gravity  of  the  cement. 
The  specific  gravity  of  the  paraffin  is,  of  course,  easily 
ascertained  by  means  of  an  ordinary  hydrometer,  and  the 
only  calculation  necessary  is — 


Weight  of  cement  taken  x  S,G.  of  paraffin     nor 

s.    ■         — J—- —  ±. =S.G.  of  cement. 

Weight  of  paramn  displaced 

As  the  weight  of  cement  taken  was  lOO  grains,  it  merely 
means  dividing  the  specific  gravity  of  the  paraffin  by  the 
weight  of  paraffin  displaced,  and  moving  the  decimal  point 
two  places  to  the  right. 

A  very  convenient  apparatus  for  determining  specific 
gravity  is  that  devised  by  Mr  Mann,  an  illustration  of 
which  is  given  in  fig.  88.  Mr  Mann  describes  his 
apparatus  as  follows ' : — 

"  It  consists  of  a  small  glass  vessel,  holding,  when  filled 
to  a  mark  A  on  the  neck,  a  given  quantity  of  liquid,  and  of 
a  glass  pipette  furnished  with  a  graduated  stem  and  stop- 
cock, and  containing,  when  filled  to  a  mark  B  on  its  upper 
extremity,  a  volume  of  liquid  equal  to  that  held  by  the  first- 
mentioned  vessel,  minus  the  quantity  displaced  by  lOOO 
grains  of  the  densest  substance  intended  to  be  examined. 

"  In  using  the  gravimeterthe  pipette  is  filled  to  the  mark 
B  with  paraffin,  turpentine,  spirits  of  wine,  or  any  other 
I  Pncttdiitgi  Itulilutum  Civil  Enginetrs,  vol.  xlvii.  pp.  351  and  351. 
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an  unpulverised  piece  was  then  ascertained  by  the  ordinary 
method.  Similar  experiments  were  also  made  with  a  piece 
of  limestone.     The  results  were : — 


Granite 


{Specific  gravity  by  gravimeter  )     2*62 

„  „       ordinary  method  /     2*63 

Limestone    /  Specific  gravity  by  gravimeter  I     270 

I  „  „       ordinary  method  J     271" 

This  apparatus  certainly  has  the  advantage  of  simplicity, 
only  one  weighing  (that  of  the  1000  grains  of  cement)  being 
necessary,  and  no  calculation  being  required.  The  author's 
experience  of  it  is,  that  it  is  very  difficult  to  get  rid  of 
all  the  air-bubbles ;  the  method  of  corking  and  shaking 
suggested  by  Mr  Mann  would  unavoidably  lead  to  loss 
of  liquid,  and  consequently  an  erroneous  result.  Another 
source  of  error  is,  that  the  bulk  of  the  liquid  is  sensibly 
affected  by  the  slightest  change  in  temperature,  to  say 
nothing  of  the  probable  loss  by  evaporation.  Although 
not    scientifically    accurate,    this     apparatus    is    perhaps 

sufficiently  so  for  general  work,  especially  if 
the  mean  be  taken  of  several  experiments; 
it  is,  however,  now  more  or  less  obsolete, 
having  been  replaced  by  more  modern  and 
accurate  methods  of  determination. 

Fig.  89  shows  Keate*s  double  bulb  specific 
gravity   flask,    to    which    the   same  remark 
applies.     As  will  be  seen  from  the  illustra- 
tion, it  consists  of  two  bulbs,  one  above  the 
other,  the  neck  of  each  bulb  being  marked. 
The  bottom  bulb  is  of  any  given  capacity, 
but  the  capacity  of  the  upper  bulb  between 
Fig.  89.         ^^  ^^Q  marks  is  that  of  1000  grains  of  water 
at  normal  temperature.     To  ascertain  the  specific  gravity 
by  this  apparatus,  the  lower  bulb  is  filled  with  paraffin  up 
to  the  mark  on  the  neck,  and  the  weight  of  the  whole  taken. 


a 


a 


.9 


The  cement  is  then  introduced  into  the  flask  until  the  liquid 
rises  to  the  mark  on  the  neck  of  the  upper  bulb.  The 
whole  being  again  weighed,  the  increase  in  weight  gives 
the  weight  of  a  bulk  of  cement  equivalent  to  a  bulk  of 
lOOO  grains  of  water.  The  specific 
gravity  of  the  substance  is,  of  course, 
the  increase  in  weight  divided  by 
lOOO. 

There  are  several  forms  of  specific 
gravity  apparatus  in  use  on  the  Con- 
tinent, of  which  the  most  popular 
is,  perhaps,  that  of  Schumann, 
shown  in  fig.  go.  It  consists  of  a 
graduated  tube  A,  ground,  stopper 
fashion,  into  the  neck  of  a  small 
fiask.  This  tube  is  graduated  into 
tenths  of  a  cubic  centimetre,  the 
graduated  portion  ranging  from 
zero  to  40  C.C.  To  estimate  the 
specific  gravity  by  this  apparatus, 
the  stoppered  tube  is  tightly  fixed 
into  the  neck  of  the  flask,  and 
paraiifin  introduced  until  both  flask      f'"-  9o.  Fio.  91. 

and  tube  are  filled  up  to  the  zero  mark  or  one  of  the  first 
graduations  on  the  scale.  The  exact  reading  being  taken, 
100  grammes  of  cement  are  thereupon  gradually  introduced 
down  the  tube,  and  the  reading  again  taken.  The  differ- 
ence between  the  readings  gives  the  displacement  of  the 
paraflin,  which  indicates  the  bulk  occupied  by  the  100 
grammes  of  cement.  As  the  space  occupied  by  the 
paraffin  is  considerably  affected  by  the  least  variation  in 
temperature,  it  is  essential  that  its  temperature  shoi'' 
be  the  same  at  each  reading,  and  for  that  purpose 
bulb  of  the  apparatus  is  placed  under  water  of  co 
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temperature  a  short  time  before  the  height  of  the  liquid  is 
read  off. 

Fig.  91  shows  a  modification  of  the  Schumann  apparatus 
devised  by  M.  Candlot     It  is  exactly  the  same  in  every 

respect,  except  that  the  top  of  the 
tube  terminates  in  a  bulb.  A  suffi- 
cient quantity  of  paraffin  is  intro- 
duced into  the  bulb,  so  that  when 
the  flask  is  attached,  and  the  appa- 
ratus reversed,  the  flask  is  filled  as 
far  as  one  of  the  first  graduations  of 
the  scale.  Again  reverse  the  appa- 
ratus so  that  the  paraffin  flows  back 
into  the  bulb,  and  then  introduce 
100  grammes  of  cement  into  the 
flask.  On  again  carefully  tilting  the 
apparatus,  the  paraffin  flows  back 
into  the  flask,  and  the  displacement 
^  caused  by  the  cement  is  shown  on 
the  graduated  tube.  As  with  the 
Schumann  apparatus,  the  accuracy 
of  this  volumeter  depends  to  a  con- 
siderable extent  upon  the  tempera- 
ture of  the  paraffin  being  the  same 
at  each  reading,  and  the  temperature 
should  therefore  be  equalised  before 
the  height  of  the  liquid  is  read  off, 
by  immersing  it  for  a  short  time  in 
water. 

Fig.  92  shows  the  apparatus  de- 
signed by  M.  H.  Le  Chatelier,  which 
is  recommended  by  the  French  Commission  des  M6thodes 
d'Essai  des  Mat^riaux  de  Construction,  and  is  also 
adopted   by  the   American   Standard   Specification.      As 


Fig.  92. 
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will  be  seen  from  the  illustration,  it  consists  of  a  flask  of 
about  120  C.C.  capacity,  having  a  neck  about  20  cm.  long 
and  about  9  mm.  in  diameter.  About  half-way  up  the 
neck  is  a  bulb  of  exactly  20  c.c.  capacity,  indicated  by 
marks  above  and  below  it.  Commencing  at  the  mark 
above  the  bulb,  the  tube  is  graduated  from  zero  to  3  c.c. 
in  tenths  of  a  centimetre.  The  method  of  using  the 
apparatus  is  as  follows: — Fill  the  flask  with  paraffin  up 
to  the  mark  below  the  20  c.c.  bulb,  weigh  out  exactly  64 
grammes  of  cement  and  introduce  it  into  the  neck  of  the 
flask  by  means  of  a  funnel.  The  bottom  of  the  funnel 
should  reach  just  below  the  first  graduations,  so  that  should 
the  powder  fall  against  the  side  of  the  neck,  it  will  be  below 
the  space  eventually  occupied  by  the  paraffin,  and  will  not 
affect  the  accuracy  of  the  results.  The  cement  is  added 
until  the  paraffin  rises  to  the  zero  mark  on  the  neck  above 
the  20  C.C.  bulb.  The  remainder  is  then  weighed,  and  the 
quantity  that  has  been  introduced  into  the  bottle,  corre- 
sponds with  the  weight  of  cement  equivalent  to  20  c.c.  of 
water.  An  alternative  arrangement  is  to  introduce  the 
whole  of  the  64  grammes,  and  by  reading  off  on  the 
graduated  scale  the  additional  space  occupied  over  and 
above  20  cc,  the  bulk  of  the  liquid  displaced  is  estimated  ; 
then,  as  before,  the  weight  of  cement  taken,  divided  by  the 
weight  of  water  (or  its  equivalent  in  bulk)  displaced,  gives 
the  specific  gravity  of  the  substance.  To  equalise  the 
temperature  of  the  liquid,  the  bulb  should  be  immersed  in 
water  a  short  time  before  each  reading. 

With  every  apparatus  for  determining  the  specific  gravity 
of  cement,  the  difficulty  is  to  get  rid  of  the  air  bubbles 
entangled  between  the  particles,  or,  as  with  the  Schumann 
type  of  apparatus,  carried  down  by  them  on  their  passage 
through  the  liquid ;  and  unless  these  air  bubbles  are  en- 
tirely expelled   by  gently  tapping  or  shaking,  or  other 
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means,  the  result  will  be  proportionately  erroneous.  When 
using  volatile  liquids,  the  loss  caused  by  evaporation  may 
be  considerable,  especially  in  warm  weather,  and  there- 
fore the  temperature  should  be  kept  as  nearly  normal  as 
possible. 

Specific  gravity  is  a  test  which  is  enforced  by  many 
of  the  standard  specifications,  including  the  British,  the 
U.S.A.,  and  others,  although  it  is  omitted  from  those  of 
France  and  Germany.  As  will  be  seen  from  the  Appendix, 
the  British  Standard  Specification  stipulates  a  specific 
gravity  of  3'is  when  freshly  ground,  and  3'io  when  four 
weeks  old.  The  value  of  the  specific  gravity  as  a  test  of 
quality  is,  however,  very  problematical,  and  in  this  respect 
the  author  cannot  better  express  his  views  than  to  give  an 
abstract  of  his  paper  on  the  Specific  Gravity  of  Portland 
Cement,  published  by  the  Institution  of  Civil  Engineers 
in  1906,^  which  embodies  a  very  exhaustive  series  of 
researches  on  the  subject. 

"  The  specific  gravity  of  Portland  cement  has  long  been 
considered  a  test  of  its  quality,  and  is  specified  as  such 
in  the  recently  issued  British  Standard  Specification.  It 
is  held  to  denote  the  degree  of  calcination  to  which  the 
cement  has  been  subjected  in  the  course  of  manufacture, 
a  high  specific  gravity  indicating  a  thoroughly  burned 
material,  and  vice  versd ;  it  is  also  considered  to  indicate 
adulteration  with  materials  of  different  specific  gravity. 

**  It  is  well  known  that,  owing  to  absorption  of  water  and 
carbonic  acid  (having  specific  gravities  of  ro  and  o*88 
respectively),  the  specific  gravity  of  cement  decreases  with 
age,  or  after  aeration,  but  the  author  was  surprised  to  find 
that,  after  ignition  at  red  heat  to  expel  the  water  and 
carbonic  acid,  and  to  reduce  the  material  to  practically  the 
same  condition  as  regards  these  substances  as  when  it  left 

*  Proceedings  Institution  of  Civil  Engineers^  vol.  clxvi.  p.  342. 
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the  author's  hands  in  the  usual  course  of  his  practice. 
The  samples  were  afterwards  classified  for  more  convenient 
reference,  and  comprised  English,  Belgian,  and  German 
artificial  Portland  cement;  Belgian  natural  cement; 
cement  produced  by  the  lately  introduced  rotatory  kilns ; 
and  also  cement  adulterated  with  various  adulterants. 
In  all  these  experiments  the  result  was  practically  the 
same.  Samples  which  in  their  commercial  condition 
differed  widely  in  specific  gravity,  were  found  to  have 
practically  the  same  specific  gravity  when  Moss  free,'  tjR. 
after  ignition  at  red  heat,  and  consequent  expulsion  of  the 
water  and  carbonic  acid  absorbed  since  calcination.  This 
similarity  suggested  that,  having  ascertained  the  percentage 
of  water  and  carbonic  acid  contained  in  the  ignited  sample, 
and  the  specific  gravity  of  the  Moss  free'  material,  it 
should  be  possible  to  deduce  the  specific  gravity  of  the 
unignited  sample;  or,  in  other  words,  given  the  specific 
gravity  of  the  material  in  the  condition  in  which  it  left 
the  kiln,  its  specific  gravity  after  it  has  absorbed  given 
amounts  of  water  and  carbonic  acid  should  be  deter- 
minable by  means  of  a  formula.  This  formula  was  found 
to  be: — 

=  (o*oo8o  X  percentage  of  HjO) 


unignited  specific  gravity 

+  (0005 5  X percentage  of  COj) 

100  -  (percentage  of  HgO  +  percentage  of  COj) 
100  (ignited  specific  gravity  -  0'048) 

In  several  of  the  tables  accompanying  the  paper  a  column 
is  added  giving  the  specific  gravity  calculated  from  this 
formula,  which  is  found  to  agree  very  closely  with  the 
actually  determined  specific  gravity,  thus  proving  the 
author's  contention  that  the  specific  gravity  of  cement 
depends  entirely  upon  absorption  of  water  and  carbonic 
acid. 
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**  The  main  body  of  the  experiments  having  been  made 
with  ordinary  commercial  samples  containing  comparatively 
little  water  and  carbonic  acid,  additional  experiments  were 
made  with  two  cements  of  first-class  quality,  which  had 
been  exposed  to  the  atmosphere  for  eighty  days,  during 
which  period  they  had  been  periodically  examined,  and 
had  finally  absorbed  water  and  carbonic  acid  to  the  extent 
of  about  10  per  cent,  altogether.  The  result  was  the 
complete  corroboration  of  previous  experiments,  showing 
as  before  that  the  specific  gravity  depended  entirely  upon 
the  water  and  carbonic  acid  absorbed,  which  could  be 
exactly  allowed  for  by  calculation.  Based  on  these  ex- 
periments, calculations  have  been  made  of  the  decrease  in 
specific  gravity  for  each  i  per  cent,  of  water  or  carbonic 
acid  absorbed;  the  results  are  shown  in  the  following 
table : — 

Calculated  Specific  Gravity  of  Portland  Cement. 

(Assuming  ordinary  cement  free  from  gypsum),  if  aerated  with  (i) 

water  only,  and  (2)  carbonic  acid  only. 


(i)  Water 

only 
(2)  Carbonic 

acid  only 


Specific 
Gravity 

after 
Ignition. 


}  3.248 


oper 
cent. 


3'2O0 
3 '200 


X  per 
cent. 


3-I5I 
3'«67 


a  per 
cent. 


3*103 
3*152 


3  per- 
cent. 


3*057 
3129 


4  per 
cent. 


3'0I2 

3'io6 


5  per 
cent. 


2*969 
3*083 


6  per 
cent. 


2*927 

3*o6i 


7per 
cent. 


2885 
3*039 


8  per 
cent. 


2-894 
3*017 


9  per 
cent. 


2*804 
2*996 


"These  experiments  having  been  conducted  in  a  somewhat 
more  careful  manner  than  those  first  described  (Le,  rather 
as  a  matter  of  scientific  research  than  of  ordinary  technical 
determination),^  it  was  thought  advisable  to  verify  the 
results  obtained  in  the  first  instance  with  well-burned  and 
under-burned  clinker,  and  further  samples,  twenty-three  in 
number,  were  therefore  obtained,  representing  practically 
the  entire   English   cement  industry.     The  results  fully 


corroborated  the  previous  experiments  in  every  respect, 
and  fully  demonstrated  the  fact  that  the  degree  of  calcina- 
tion in  no  way  affects  the  specific  gravity  when  the  clinker 
is  fresh  from  the  kiln. 

"  Having  regard  to  the  diflference  in  apparent  density 
and  weight  between  the  black  well-burned  and  the  yellow 
under-burned  clinker,  the  porosity  of  small  pieces  of  each 
degree  of  calcination  was  determined,  and  showed  that  the 
porosity  of  the  yellow  under-burned  clinker  was  6665  per 
cent. ;  of  the  intermediate  clinker  572  per  cent.  ;  and  of 
the  well-burned  clinker  226  per  cent. ;  in  other  words, 
9  parts  by  volume  of  yellow  under-burned  clinker  become 
on  further  calcination  ^  parts  of  intermediate  and  4  parts 
of  weil-burned  clinker. 

"  For  purposes  of  reference  the  chemical  analyses  of  all 
the  samples  of  cement  used  in  the  experiments  are  given 
in  an  appendix  to  the  paper. 

"Briefly  summarised,  the  conclusions  which  may  be 
drawn  from  the  experiments  are : — 

"(i)  That  the  specific  gravity  of  Portland  cement  is  no 
indication  whatever  of  proper  calcination, 

■'  (2)  That  the  specific  gravity  of  Portland  cement 
depends  upon  its  age,  and  the  opportunities  which  it  has 
been  afforded  of  absorbing  water  and  carbonic  acid  from 
the  atmosphere, 

"  (3)  That  the  specific  gravity  of  Portland  cement,  al- 
though of  no  use  in  determining  calcination,  may  sometimes 
be  of  corroborative  value  in  determining  slag  and  other 
adulteration. 

"(4)  That,  given  the  specific  gravity  of  the  ignited 
sample,  and  the  percentage  of  water  and  carbonic 
acid  expelled  by  ignition,  the  specific  gravity  of  the 
unignited  material  may  hie  calculated  with  a  fair  degree 
of  accuracy." 
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Colour 

The  colour  of  a  cement  is  very  often  of  considerable 
value  to  the  experienced  operator  in  roughly  estimating  its 
probable  qualities.  This  remark  is  more  especially  true 
from  a  manufacturer's  point  of  view,  as,  knowing  the 
colour  which  his  product  should  be  if  properly  proportioned 
and  calcined,  he  can  generally  detect  any  serious  fault, 
either  in  proportion  or  calcination,  from  the  appearance  of 
the  cement,  either  when  in  a  state  of  powder  or  gauged 
into  a  briquette  or  pat.  It  is,  therefore,  a  very  general 
custom  to  leave  one  pat  from  each  set  of  briquettes 
exposed  to  the  air  for  a  few  days,  in  order  to  determine 
the  colour  of  the  sample.  The  colour  of  a  well-proportioned 
and  well-calcined  cement  should  be  of  a  cold  blue-grey 
when  in  the  powdered  condition ;  if  of  a  brownish  colour, 
or,  as  it  is  technically  called,  "foxy,"  it  denotes  either 
insufficient  calcination,  or  the  use  of  an  unsuitable  clay,  or 
possibly  excess  of  clay.  A  cement  that  contains  an  excess 
of  clay  is,  as  a  rule,  extremely  quick  setting,  and  never 
attains  any  very  great  strength.  Generally  speaking,  a 
dark, bluish-grey  colour  denotes  a  thoroughly  burned  cement, 
and  one  that  contains  a  sufficiency  of  lime.  For  construc- 
tive purposes,  the  colour  of  a  cement  is  a  secondary  con- 
sideration, unless  used  for  stucco  and  similar  work  where 
it  is  exposed  to  view.  In  that  case  the  colour  is  of  some 
considerable  importance,  as  nothing  looks  more  disagreeable 
than  a  piece  of  cement  plastering,  such  as  the  wall  of  a 
building,  which  instead  of  being  of  a  dark,  cold  blue-grey 
colour,  is  a  dirty  "  foxy  "  brown.  This  "  foxy "  colour  is 
sometimes  brought  about  by  excessive  trowelling,  especially 
when  a  cement  is  quick  setting,  and,  as  sometimes  happens, 
is  worked  for  a  moment  or  two  after  setting  has  actually 
commenced.     The  effect  of  over-trowelling  on  the  colour 


of  a  cement  was  lately  very  clearly  illustrated  in  the 
author's  testing  room.  Of  a  series  of  samples  which  were 
taken  from  the  same  bulk,  the  trial  pats  of  two  were 
gauged  immediately  on  receipt,  and  the  remainder,  owing 
to  unavoidable  circumstances,  had  to  be  left  till  a  few  days 
later;  during  this  time  they  became  quicker  setting,  so 
quick  setting  indeed  that  they  could  with  difficulty  be 
gauged.  The  pats  of  each  were  left  in  air,  and  those 
which  aiTorded  plenty  of  time  to  the  operator  were  of  a 
very  good  colour,  while  those  which  were  barely  finished 
before  setting  had  commenced,  were  of  a  very  disagreeable 
brown  "  foxy "  colour  on  the  surface.  The  same  thing 
may  often  be  noticed  with  briquettes  made  from  a  very 
quick-setting  cement,  the  trowelled  surface  which  is  ex- 
posed to  the  air,  frequently  developing  the  brown  colour 
previously  mentioned.  Another  matter  of  manipulation 
which  often  affects  the  colour  of  a  sample,  is  the  amount 
of  water  used  for  gauging ;  with  a  slow-setting  cement,  the 
less  water  used,  the  darker  and  better  will  be  the  colour  of 
the  surface  of  the  briquettes,  where  exposed  to  the  air.  It 
is  usual  to  cover  the  briquettes  after  gauging  with  a  damp 
cloth,  or  to  place  them  in  a  damp,  cloth-lined  box  during 
the  twenty-four  hours  in  which  they  are  left  in  air,  which, 
in  addition  to  preventing  the  undue  evaporation  of  the 
water  used  for  gauging,  will  be  found  to  greatly  preserve 
and  improve  their  colour.  Should  the  cement  contain  any 
appreciable  quantity  of  under-burned  particles,  they  will 
have  a  tendency  to  rise  to  the  surface  with  the  water 
during  the  shaking  and  trowelling  of  the  briquettes,  owing 
to  their  lighter  gravity  ;  a  film  of  a  yellowish-brown  colour 
is  thus  formed  on  the  surface,  which  is  very  plainly  dis- 
tinguishable in  the  section  of  the  briquette  after  fracture. 


the  raw  materials,  and  the  percentage  of  lime  necessary  to 
form  the  definite  silicates  and  atuminates  contained  in  atrue 
Portland  Cement,  the  amount  of  Hme  which  a  cement  will 
safely  bear,  depends  largely  upon  the  care  and  attention 
which  has  been  expended  upon  the  several  processes  of 
manufacture.  A  thoroughly  mixed,  well  burned,  and  finely 
ground  cement  will  bear,  with  safety,  a  considerably  higher 
percentage  of  lime  than  one  made  from  the  same  raw 
materials,  which  have  been  badly  incorporated,  imperfectly 
calcined,  and  coarsely  ground.  In  the  first  instance,  the 
mechanical  mixture  being  imperfect,  the  subsequent 
chemical  combination  by  calcination  is  also  imperfect, 
owing  to  the  particles  of  chalk,  or  carbonate  of  lime,  being 
insufficiently  reduced  to  completely  combine  with  the 
silica  and  alumina,  thus  resulting  in  free  or  loosely  com- 
bined lime.  In  the  second  case,  insufficient  heat  has  been 
applied  to  cause  the  proper  chemical  combination  of  the 
lime  with  the  silica  and  alumina;  and,  by  coarse  grinding 
of  the  calcined  material,  any  small  particles  of  uncombined 
lime,  which  in  a  finely  ground  cement  would  be  exposed 
to  the  immediate  action  of  the  water  during  gauging,  and 
thus  rendered  innocuous,  are  confined  within  the  coarse 
particles,  and  their  subsequent  hydration  and  expansion 
cause  the  disintegration  of  the  mass. 

As  a  case  in  point,  the  following  analyses  may  be  quoted 
as  showing  the  composition  of  two  cements  of  practically 
similar  constituents,  made  at  the  same  works  from  the 
same  raw  materials,  and  yet  differing  materially  in  physical 
properties,  owing  to  faulty  manufacture  of  one.  Sample  A, 
which  was  badly  washed,  i>.  the  raw  materials  imperfectly 
incorporated — although  it  contained  only  i  per  cent,  more 
lime  than  sample  B,  was  burned  to  the  same  degree  of 
hardness,  and  ground  to  the  same  fineness — proved  to  be 
utterly  unsound  ;  while,  on  the  other  hand,  sample  B,  which 


was  properly  washed,  i.e.  the  raw  materials  thoroughly 
amalgamated  in  the  first  process  of  mechanical  mixture, 
gave  perfectly  satisfactory  results. 

A.  B. 

Silica 14-5  23-6 

Alumina 88  91 

Lime.         .....         6i'2  6i"i 

According  to  Le  Chatelier'  the  miaimum  proportion  ol 
lime  in  a  true  Portland  Cement  should  not  be  less  than — 

CaOMgO 
SiOsAljOj"^" 

nor  the  maximum  greater  than — 

CaOMgO 
SiOjAljOsFejOg"^' 

In  putting  forward  these  formulae,  Le  Chatelier  assumes 
that  not  more  than  three  equivalents  of  time  or  magnesia 
can  enter  into  combination  with  silica  and  alumina. 

A  very  interesting  series  of  researches  as  to  the  constitu- 
tion of  cement  was  carried  out  a  short  time  ago  by  Messrs 
Newberry  *  of  New  York.  By  synthesis  they  determined 
that— 

1st  Lime  may  be  combined  with  silica  in  the  proportion 
of  3  molecules  to  i  (3CaOSi02),  and  still  give  a  product 
of  practically  constant  volume  and  good  hardening  proper- 
ties, though  hardening  very  slowly.  With  3J  molecules  of 
lime  to  1  of  silica  (3jCaOSi02)  the  product  is  not  sound, 
and  cracks  in  water. 

2nd.  Lime  may  be  combined  with  alumina  in  the 
proportion  of  2  molecules  to  i  (2CaOAIj03>,  giving  a 
product  which  sets  quickly  but  shows  constant  volume 
and   good   hardening  properties.      With  2\   molecules  ' 

■  Annates  dts  Mines,  1SS7,  p.  345. 

'  Sixitty  ef  ChemUal  Industry,  Nov,  1897,  p.  88g. 


oxide,  itie  literature  on  tne  subject  ol  the  constitution 
of  cement  is  very  conflicting;  a  theory  based  upon 
apparently  sound  conclusions  is  brought  forward  by  one 


experimenter,  to  be  as  conclusively  refuted  shortly  after- 
wards by  the  researches  of  another,  so  that  our  definite 
knowledge  of  the  subject  is,  at  present,  in  a  somewhat 
nebulous  condition.  Whether  Messrs  Newberry  are  right 
or  wrong  in  their  claim  of  having  produced  the  several 
silicates  and  aluminates  of  lime  synthetically,  the  author 
has  found  their  formula  above  quoted,  as  to  the  maximum 
lime  content  permissible  in  an  ideal  Portland  Cement, 
to  give  very  good  results  in  practice.  He  is  frequently 
called  upon,  in  the  course  of  his  ordinary  practice,  to 
examine  and  advise  upon  the  suitability  of  raw  materials 
for  cement-making  purposes,  and  to  practically  test  their 
suitability  by  making  cement  from  them  on  an  experimental 
scale.  For  this  purpose,  he  always  makes  use  of  the  above 
formula  in  determining  the  proportions  of  the  raw  materials, 
and  he  has  always  found  that  if  the  lime  content  is  kept 
about  2  per  cent,  below  the  maximum  given  by  this 
formula,  to  allow  for  the  difference  between  the  perfect 
theoretical  mechanical  mixture  and  that  obtainable  under 
working  conditions,  the  results  are  invariably  satisfactory, 
There  is,  of  course,  this  difference  between  cement  thus 
produced  in  a  laboratory  and  that  manufactured  on  a 
commercial  scale:  in  the  latter  case  considerable  allowance 
has  to  be  made  for  contamination  and  distortion  of  the 
composition  of  the  material  by  the  ash  of  whatever  fuel 
may  be  used  for  the  calcination,  whereas  in  a  laboratory 
kiln,  in  which  gas  is  used  as  the  heating  agent,  no  such 
allowance  is  necessary. 

According  to  the  British  Standard  Specification,  the 
amount  of  lime  permissible  in  a  cement  "  shall  not  be 
greater  than  the  maximum,  nor  less  than  the  minimum 
ratio,  (calculated  in  chemical  equivalents),  represented  by 

CaO 
gjg-j^j^-rSs  or  ro  respectively." 

X  2 


An  example  is  given  as  follows : — 

"  Molecular  weight  of  lime       =   56 
„  „  silica      ^   60 

„  „  alumina=io2 

In  the  case  of  a  cement  containing  63*28  per  cent,  of  lime, 
21 '6  percent,  of  silica,  and  S'i6per  cent,  ofalumina,  the  pro- 
portion of  lime  to  silica  and  alumina  would  be  as  follows : — 

=     36 


'  SiOj  +  AljOg  -36+08  *" 
It  will  be  observed  that  in  the  above  formula,  as  in 
that  put  forward  hy  Newberry,  both  magnesia  and  iron 
are  ignored  in  calculating  the  ratio  of  acids  to  bases, 
while  the  total  lime  is  also  taken,  making  no  allowance 
for  that  which  may  be  in  combination  with  the  sulphuric 
anhydride,  either  as  added  gypsum  or  otherwise. 

The  determination  of  the  ratio,  or  hydraulic  modulus, 
by  this  formula,  involves  quite  an  elaborate  calculation, 
occupying  from  five  to  ten  minutes,  according  to  the 
skill  and  experience  of  the  calculator ;  to  obviate  this  waste 
of  time,  the  author,  in  collaboration  with  a  former  chief 
chemist,  Mr  G.  J.  Fenwick,  devised  a  diagram  or  chart, 
working  on  the  slide-rule  principle,  by  which  the  determina- 
tion can  be  made  in  fifteen  seconds.  An  illustration  of 
this  chart,  which  is  mounted  on  stiff  cardboard  about 
22  by  17  inches,  is  given  in  fig.  93. 

The  diagram  is  ruled  oliT  with  the  percentages  of  lime 
as  ordinates,  and  the  percentages  of  silica  as  abscissae, 
the  percentages  of  alumina  being  on  a  sliding  scale  beneath 
the   abscissae.      All   that   is   necessary,  to   determine   the 
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Fio.  93- 

hydraulic  modulus,  is  to  place  the  zero  of  the  sliding 
alumina  scale  to  exactly  correspond  with  the  percentage 
of  silica,  and  at  the  point  where  the  vertical  line  above  the 


that  the  hardening  of  cements  and  of  hydraulic  limes  is 
greatly  accelerated  and  increased  if  they  are  subjected  to 
a  bath  of  silicate  of  soda ;  and  the  application  of  this  silicate 
bath,  in  some  form  or  other,  is  the  basis  of  the  principal 


claim  in  more  than  one  patent  for  indurating  paving 
slabs  and  other  moulded  materials  composed  of  Portland 
Cement. 

Aluminate  of  lime  is  generally  considered  to  be  re- 
sponsible for  the  setting  properties  of  a  cement,  as  distinct 
from  its  subsequent  hardening  ;  this  view  is  corroborated  by 
general  experience,  for,  as  a  rule,  the  greater  the  quantity  of 
alumina  present,  the  quicker  setting  the  cement.  Assum- 
ing Le  Chatelier's  theory  of  supersaturation  to  be  correct, 
it  is  very  evident  that,  as  the  aluminate  of  lime  is  the  more  . 
soluble  ingredient,  the  greater  the  amount  of  aluminate 
present,  the  more  readily  will  supersaturation  occur,  and 
therefore  the  more  rapid  will  be  the  formation  of  crystals 
and  the  consequent  setting  of  the  sample. 

The  action  of  oxide  of  iron  in  cement  is  a  little  obscure, 
though  if  it  is  present  in  excess,  the  colour  of  the  cement  is 
more  or  less  afTccted,  owing  to  the  oxide  imparting  some  of 
its  colour  to  the  cement.  Cement  prepared  synthetically 
by  Messrs  Newberry,*  from  silica,  alumina,  and  lime  only, 
was  perfectly  white,  whereas  when  iron  oxide  was  substi- 
tuted for  alumina,  the  resulting  cement  was  a  dark  grey. 
According  to  Le  Chatelier,  mixtures  of  iron  oxide  and  lime 
yield,  on  burning,  products  which  slake  with  water  but 
possess  no  hydraulic  properties.  Messrs  Newberry  state 
that  iron  oxide  combines  with  lime  in  the  same  manner  as 
alumina,  but  the  amount  present  in  ordinary  clays  is  so 
small,  and  the  quantity  of  lime  with  which  it  will  combine 
so  insignificant,  that  its  effect  is  extremely  difficult  to  trace. 
The  author's  experience  is  that  a  moderate  percentage  of 
iron  does  not  materially  affect  the  constructive  value  of  the 
cement,  and  that  its  chemical  action  is  somewhat  similar 
to  that  of  alumina. 

Sulphuric  anhydride   in   excess,  say  more   than   3    per 
■  Saeitly  ef  ChemieallndHttty,  Nov.  1S97,  p.  S89. 


cent,,  is  frequently  a  source  of  danger,  and  a  case  oc- 
curred a  short  time  ago  where  that  constituent  caused 
serious  trouble  to  the  manufacturer.  It  was  found  that 
the  cement  occasionally  had  a  tendency  to  "  blow,"  some- 
times in  a  very  marked  degree,  and  as  the  percentage  of 
carbonate  of  lime  in  the  slurry  was  the  same  in  each  case, 
it  was  a  little  perplexing  to  discover  the  cause.  On  the 
defective  samples  being  analysed,  it  was  found  they  con- 
tained a  considerable  excess  of  sulphuric  anhydride;  an 
examination  was  therefore  made  of  the  raw  materials  from 
which  the  cement  was  made,  and  it  was  found  that  the 
clay,  which  was  of  a  blue  Gault  formation,  contained  a 
considerable  quantity  of  nodules  of  gypsum  or  natural 
sulphate  of  lime,  the  quantity  varying  in  diflferent  parts  of 
the  pit  A  certain  proportion  of  the  sulphates  also  emanates 
from  the  coke  used  in  calcination,  as  raw  materials  which 
contain  no  appreciable  quantity  of  sulphate  of  lime  are 
sometimes  found  to  produce  a  cement  containing  between 
I  and  2  per  cent,  of  that  constituent,  the  presence  of  which 
can  only  be  attributed  to  the  sulphur  in  the  coke.  The 
analysis  of  various  samples  of  coke  ash  given  on  p.  74  bears 
out  this  view.  The  presence  of  sulphur  as  sulphides  is 
generally  the  chief  difRculty  to  be  contended  with  in  making 
cement  from  alkali  lime  waste,  and  up  to  the  present  time 
cements  made  from  that  material  have  not  met  with  much 
success,  owing  to  the  difficulty  in  sufficiently  cleansing  the 
waste  of  that  objectionable  constituent.  The  chief  danger 
arising  from  an  excess  of  sulphide  is,  that  its  subsequent 
oxidation  and  conversion  into  sulphate  would  probably 
cause  expansion  and  disint^ration. 

Magnesia  is  an  ingredient  about  which  there  was  a 
considerable  scare  a  few  years  ago,  when  the  failure  oc- 
curred at  the  Aberdeen  Harbour  Works.  The  disintegrated 
cement,  and  the  white  deposit  found  in  the  work  that  failed. 


were  analysed,  and  the  latter  was  found  to  consist  largely 
of  magnesia  ;  the  inference  drawn  therefrom  was  that  the 
magnesia  in  the  cement  was  responsible  for  the  trouble, 
whereas  it  was  conclusively  shown  by  Faija  and  others,  that 
the  magnesia  was  merely  deposited  in  an  inert  form  from  the 
sea  water,  the  reaction  being,  that  the  sea  water  dissolved  a 
certain  amount  of  lime  from  the  cement,  and  the  solution  of 
lime  thus  formed  immediately  precipitated  the  magnesia 
contained  in  the  sea  water.  An  excess  of  magnesia  is  not 
desirable,  but  very  few  cements  made  from  the  chalk  and 
clay  formations  in  the  Thames  and  Medway  valleys  contain 
more  than  1-$  percent.  The  cement  made  from  the  Lias 
formations,  and  from  the  limestones  and  clays  of  North 
Wales,  generally  contain  rather  more;  in  fact,  one  factory 
in  the  latter  district,  with  which  the  author  was  connected  a 
few  years  back,  produced  a  very  good  cement  containing  as 
much  as  5  per  cent  of  magnesia.  It  is  of  course  preferable 
that  a  cement  should  not  contain  more  than  3  per  cent,  and 
the  less  the  better.  The  reason  why  a  considerable  amount 
of  magnesia  is  dangerous,  is  that  it  needs  a  much  higher 
temperature  than  lime  to  enable  it  to  combine  with  the 
acid  constituents,  and  therefore  an  excess  is  generally  in 
a  more  or  less  uncombined  state. 

Most  cements  contain  a  small  percentage  of  potash  and 
soda,  or  "  alkalies,"  as  they  are  generally  classed  in  an 
ordinary  analysis,  but  the  percentage  is  so  small,  and  their 
effect  of  so  little  importance,  that  they  are  usually  not 
worth  estimating  separately.  Instances  have,  however, 
occurred  of  cements  made  from  the  lime  waste  of  alkali 
works  giving  anything  but  satisfactory  results,  and  the 
only  fault  that  could  be  found  with  their  chemical  com- 
position was  a  slight  excess  of  alkali.  In  one  particular 
instance,  a  pat  having  been  made  and  left  in  air  in  the  usual 
course,  a  thick  white  furry  efflorescence  was  found  to  ha* 


sand  and  clay,  and  if,  therefore,  any  considerable  amount  of 
insoluble  matter  is  present,  it  suggests  either  that  a  bad 
sandy  clay  has  been  used,  or  that  the  clinker  has  become 
contaminated  by  the  ash  of  the  fuel  used  for  calcination 
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purposes ;  or  it  may  be  due  to  adulteration.  If  the  sand 
in  a  clay  is  in  a  very  finely  divided  form,  it  will  be  found 
to  combine  with  the  other  constituents  on  calcination,  or, 
in  other  words,  the  lime  will  absorb  it  unless  it  is  of  a  very 
coarse  nature.  This  remark  applies  more  especially  to 
material  calcined  in  a  rotary  kiln,  in  which  2  or  3  per  cent 
of  fine  sand  is  sometimes  purposely  added  to  the  raw 
materials,,  and  ground  up  with  them,  in  order  to  render  the 
slurry  or  compo  more  siliceous,  and  therefore  more  refractory 
and  less  easily  fusible,  so  as  to  prevent  the  formation  of 
clinker  rings.  As  regards  adulteration,  most  of  the  materials 
used  for  this  purpose,  such  as  natural  rocks,  contain  a  very 
considerable  amount  of  insoluble  matter,  and  if,  therefore, 
a  sample  of  cement  contains  more  than  2  or  3  per  cent, 
of  insoluble  residue,  it  should  be  carefully  examined  both 
chemically  and  microscopically  to  determine  this  point 

According  to  the  British  Standard  Specification  the 
maximum  percentage  of  insoluble  residue  allowed  is  1*5 
per  cent.  Pure  rotary  clinker  as  it  comes  from  the  kiln 
does  not  as  a  rule  contain  more  than  \  per  cent,  at  the 
most,  and  sometimes  less,  and  the  same  remark  applies 
to  picked  clinker  from  continuous  or  intermittent  vertical 
kilns.  The  chief  source  of  insoluble  residue  in  the  latter 
is  the  fine  dusty  matter  found  among  the  clinker,  chiefly  at 
the  bottom  of  the  kiln,  which  contains  the  greater  part  of 
the  fuel  ash,  and  therefore  properly  should  be  rejected  as 
an  adulterant,  though  such  a  course  would  add  some- 
what to  the  cost  of  the  product  An  occasional  source  of 
insoluble  residue  in  rotary  kiln  clinker,  which  also  applies 
to  the  product  of  all  kilns,  is  the  presence  of  small  particles 
of  fiint,  chipped  from  the  fiint  pebbles  used  in  the  tube 
mills  for  pulverisation  purposes.  On  examination  of  the 
insoluble  residue  after  separation,  these  small  particles  are 
readily  recognised  by  their  characteristic  appearance. 
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The  estimation  of  the  insoluble  residue  is  held  by  some 
to  aflford  an  indication  of  the  perfection  or  otherwise  of  the 
mechanical  mixture  and  subsequent  calcination  of  the  raw 
materials,  but  the  author's  experience  is  that  the  difference 
in  this  respect  between  the  cement  produced  from  a  well- 
washed  and  badly  washed  slurry  is  so  slight,  that  it  really 
afibrds  very  little  guidance. 

With  the  object  of  determining  the  percentage  of  in- 
soluble residue  in  cement  clinker  at  different  degrees  of 
calcination,  samples  were  procured  from  four  different 
works  on  the  Thames  and  Medway  and  examined  in  this 
particular,  the  results  of  which  are  given  in  the  following 
table  :— 


Clinker  from 


Percentage  of  Insoluble  Matter  at  Different 
Degrees  of  Calcination. 


Well- 
bumed. 


Cement  works  A  . 

B  . 
C  . 
D  . 


»f 


>> 


n 


Very  much 
Under- 
burned. 

Under- 
burned. 

Slightly 
Under- 
burned. 

nil 
nil 
nil 
nil 

2-67 

1*93 
058 

0-28 

nil 

o'i4 

nil 

nil 

nil 

O'lO 

nil 
nil 


To  ensure  comparative  results,  an  average  sample 
of  each  kind  of  clinker  was  taken  from  the  same  kiln. 
The  well-burned  sample  was  of  a  dark,  porous,  honey- 
combed nature,  indicating  that  the  calcination  had  been 
pushed  just  to  the  point  of  incipient  vitrifaction  ;  the 
slightly  under-burned  sample  was  much  lighter  in  colour, 
indicating  that  the  calcination  was  scarcely  completed  ; 
the  under-burned  sample  was  still  lighter  in  colour  and  gra- 
vity, while  the  very  much  under-burned  material  consisted 
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simply  of  slurry  which  had  only  been  subjected  to  suffi- 
cient heat  to  drive  off  the  carbonic  acid,  and  was  almost 
yellow  in  colour.  It  will  be  seen  that  the  insoluble 
residue  in  all  the  "well-burned/*  "slightly  under-burned," 
and  "  under-burned  "  samples  was  practically  nil,  while  in 
only  two  of  the  "  very  much  under-burned  "  samples  does 
it  exceed  i  per  cent.  As  all  the  samples  denominated 
"  under-burned "  were  of  such  a  nature  as  to  produce  an 
utterly  unsound  and  worthless  cement,  it  seems  very 
evident  that  the  estimation  of  the  insoluble  residue  is  not 
much  of  a  guide  as  to  the  amount  of  calcination  to  which  a 
sample  has  been  subjected.  It  will  be  seen  from  the  table 
on  page  74  that  the  ash  of  the  coke  used  for  calcination 
consists  largely  of  insoluble  matter ;  and  as  these  samples 
of  clinker  were  picked  specimens,  free  from  the  dust  of 
the  coke  ash,  it  suggests  very  strongly  that  the  fractional 
percentage  of  insoluble  residue  usually  found  in  an  ordi- 
nary cement,  is  due  principally  to  the  ash  contained  in  the 
fuel  used  for  calcination  purposes. 

Some  users  lay  great  stress  upon  the  amount  of 
carbonic  acid  which  the  cement  contains,  as  indicating 
uncombined  lime  or  insufficient  calcination,  and  specifica- 
tions are  met  with  which  require  that  the  quantity  shall 
not  exceed  i  per  cent.  All  cements,  more  especially  the 
modern  very  finely  ground  products,  absorb  more  or  less 
carbonic  acid  and  moisture  from  the  atmosphere,  and  the 
amount  will  sometimes  be  considerable,  depending,  of 
course,  upon  the  amount  of  aeration  to  which  they  have  been 
exposed.  The  following  experiments,  initiated  by  the  late 
Henry  Faija  some  twenty  years  ago,  and  completed  by 
the  author,  may  be  interesting  on  this  point.  A  perfectly 
sound  cement,  examined  immediately  on  arrival  from  the 
manufacturers,  was  found  to  contain  '25  per  cent,  of 
carbonic  acid.     Part  of  the  sample,  designated  No.  i  in 


CHAPTER  VIII 

ADULTERATION 

According  to  the  dictionary,  the  literal  meaning  of  the 
word  "  adulterate  "  is  to  change  to  another  but  worse  state, 
hence,  to  corrupt  or  debase.  Reverting  to  the  brief 
definition  of  Portland  Cement  given  on  p.  ii,  the 
opening  paragraph  of  the  British  Standard  Specification 
(1910  issue)  lays  down  the  following  rules  as  to  its  com- 
position and  proportion  : — 

"The  cement  shall  be  prepared  by  intimately  mixing 
together  calcareous  and  argillaceous  materials,  burning 
them  at  a  clinkering  temperature,  and  grinding  the  result- 
ing clinker,  so  as  to  produce  a  cement  capable  of  comply- 
ing with  this  specification. 

"  No  addition  of  any  material  shall  be  made  after  burn- 
ing other  than  calcium  sulphate,  or  water,  or  both,  and 
then  only  if  desired  by  the  vendor,  and  not  prohibited  in 
writing  by  the  purchaser. 

"  {a)  If  water  is  used  during  the  process  of  manufacture, 
it  shall  not  be  in  greater  quantity  than  2  per 
cent  of  the  weight  of  the  cement  before  addition, 
whether  the  water  has  been  added  mechanically 
(in  which  case  it  must  be  clean  and  fresh)  or 
has  been  naturally  absorbed  from  the  air. 
"{b)  If  calcium  sulphate,  it  shall  not  be  in  greater 
quantity  than  2  per  cent,  (calculated  as  anhy- 


drous  calcium  sulphate)  of  the  weight  of  the 
cement  before  addition." 

As  will  be  seen  on  reference  to  the  Appendix,  the  other 
Government  specifications  follow  on  much  the  same  lines, 
and,  with  the  exceptions  above  mentioned,  the  addition 
of  any  material  whatever,  subsequent  to  calcination,  is 
absolutely  prohibited,  and  held  to  be  an  adulteration.  The 
question  as  to  the  possibility  of  such  additions  being  an 
improvement  or  otherwise  is  not  even  considered,  and  it  is 
now  universally  agreed  that  if  such  additions  are  resorted 
to,  the  mixture  must  be  sold  under  some  other  distinctive 
name,  and  not  as  Portland  Cement.  The  question  as  to 
whether  certain  additions  and  admixtures  should  be  per- 
mitted, gave  rise  to  a  considerable  amount  of  discussion 
some  twenty  years  ago,  when  certain  English  manu- 
facturers boldly  claimed  that  the  judicious  admixture  of 
Kentish  ragstone,  ground  up  with  their  cement,  not  only 
was  not  an  adulteration,  but  actually  improved  the  quality 
of  their  cement,  and  they  therefore  openly  advocated  its 
use.  Since,  however,  the  cost  of  the  ragstone  was  not  more 
than  about  one-half  that  of  the  cement  clinker,  and,  more- 
over, was  much  easier  to  grind,  it  is  to  be  feared  that  their 
advocacy  was  not  altogether  a  disinterested  one. 

With  the  object  of  ascertaining  the  actual  effect  of  such 
admixtures,  the  author  instituted  a  considerable  series  of 
experiments  on  the  subject,  the  results  of  which  are 
embodied  in  the  paper  which  he  had  the  honour  of  reading 
before  the  Society  of  Engineers  in  November  1896. 

Kentish  rag  is  a  sandy  limestone  of  the  lower  Green- 
sand  formation,  consisting  chiefly  of  carbonate  of  lime,  btt 
containing  more  or  less  sandy  or  clayey  matter,  its  compo- 
sition varying  according  to  the  strata  in  which  it  is  found. 
The  chemical  constituents  of  the  particular  stone  used  for  the 
experiments  in  question  were  found  to  be  as  follows : — 


was  much   more   marked.    Altogether    the    experiments 


comprised  some  two  thousand  briquettes,  and  conclusively 
showed  that,  inasmuch  as  the  admixture  of  Kentish  rag 
reduces  the  adhesive  power  or  cementitious  value  of  the 
cement,  it  is  merely  a  diluent  or  adulterant 

An  adulterant,  which  from  personal  experience  is  still 
occasionally  met  with  in  Continental  samples,  and  was 
once  rather  extensively  used  by  certain  north  of  England 
manufacturers,  is  blast-furnace  slag,  probably  owing  to  its 
being  readily  obtainable,  and  being  somewhat  of  the  same 
colour  and  appearance  as  the  cement  clinker.  In  the 
absence  of  any  conclusive  independent  evidence  in  its 
favour,  the  author  is  of  opinion  that  this  material  is  a  mere 
diluent  or  adulterant,  inasmuch  as  by  itself  it  has  no  cemen- 
titious value.  By  some  it  is  claimed  to  be  an  improvement, 
the  fact  that  slag  "  meal "  mixed  with  slaked  lime  produces 
a  slag  cement,  being  brought  forward  as  au  argument  in 
support  of  this  contention ;  but,  inasmuch  as  Portland 
Cement  is  an  entirely  different  material  from  lime,  both  in 
its  chemical  composition  and  the  amount  of  calcination  to 
which  it  has  been  subjected,  it  is  difficult  to  see  how  any 
parallel  can  be  drawn  between  them. 

With  reference  to  the  means  of  detecting  admixtures  of 
these  materials,  viz.  Kentish  rag  and  slag,  experience  has 
proved  that  the  ordinary  tests  for  tensile  strength,  as  a 
general  rule,  fail  to  indicate  their  presence,  even  when 
in  considerable  quantity.  This  more  especially  applies  to 
the  neat  tests  of  well-ground  cements ;  as  is  shown  in 
the  paper  above  referred  to,  as  much  as  30  per  cent,  of  fine 
sand  may  be  added  to  a  cement,  without  appreciably  affect- 
ing its  strength,  when  gauged  neat.  The  3  to  1  sand  test 
shows  a  marked  diminution  in  strength  when  the  sample 
contains  an  appreciable  quantity  of  such  inert  admixture, 
but  this,  by  itself,  is  not  sufficient  to  enable  a  decided  verdict 
to  be  given  as  to  whether  a  cement  is  pure  Portland  Cement 


ordinary  statement  of  analysis  will  often  fail  to  demonstrate 
their  presence.  One  peculiarity  that  may  be  noticed,  how- 
ever, is  that  when  dropped  into  a  weak  solution  of  acid, 
as  described  in  the  examination  for  Kentish  rag,  the  mass 
has  a  tendency  to  blacken,  and  also  to  evolve  rather  a 
marked  quantity  of  sulphuretted  hydrogen  gas.  As,  how- 
ever, a  good  many  cements  perfectly  free  from  added  slag 
sometimes  evolve  noticeable  quantities  of  this  gas,  it  must 
be  taken  as  a  corroborative  test  only,  and  not  as  conclusive 
by  itself.  There  is  also  a  physical  peculiarity  which  may 
be  noticed  in  many  cements  containing  slag,  and  that  is, 
after  being  gauged  into  pats  or  briquettes  in  the  ordinary 
way,  and  placed  in  water  as  usual,  when  broken  in  the 
testing  machine,  or  otherwise,  the  freshly  fractured  section 
has  a  characteristic  dark  green  colour,  and  frequently 
an  odour  of  sulphides,  due  to  the  presence  of  sulphur 
compounds  in  the  slag.  This  dark  green  colour,  however, 
fades  to  the  normal  grey  when  exposed  to  the  air  for  a 
few  hours. 

Taken  in  conjunction  with  the  usual  mechanical  and 
chemical  tests,  the  microscope  will  be  found  of  the  greatest 
value  in  determining  the  presence  of  foreign  added 
materials  in  cements ;  In  fact,  it  is  possible  in  most 
instances  to  form  a  fairly  accurate  opinion  from  a  micro- 
scopic examination  alone,  as  to  whether  such  admixtures 
are  present  in  any  appreciable  quantity.  For  the  purposes 
of  a  microscopic  examination,  it  will  be  found  most 
convenient  to  take  the  coarser  particles  of  the  powder, 
viz.  those  particles  which  pass  through  a  76  sieve  and  are 
retained  on  a  120  sieve.  The  particles  of  a  pure,  well- 
burned  cement  clinker  of  this  size,  examined  with  a  low 
power  (say  a  i-inch  objective),  are  dark,  almost  black  in 
colour,  somewhat  resembling  coke,  and  possess  the  well- 
known  spongy,  honeycombed  appearance  characteristic  of 
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cement  clinker ;  although  with  the  introduction  of  rotary 
kilns  the  calcination  is  more  readily  controlled,  and  there- 
fore more  regular  than  with  the  older  intermittent  type, 
the  ordinary  cement  of  commerce,  unfortunately,  does  not 
always  consist  of  thoroughly  burned  portions  only,  a  more 
or  less  appreciable  quantity  of  insufficiently  calcined 
material  finding  its  way  into  the  mills.  The  appearance  of 
this  insufficiently  calcined  clinker,  examined  in  the  same 
way,  is  practically  the  same  in  shape  and  structure,  but  the 
colour,  instead  of  being  black  and  coke-like,  is  of  a  light 
brown,  semi-transparent  nature,  resembling  gum  arabic. 
The  particles  of  an  ordinary  commercial  cement,  therefore, 
composed  of  clinker  more  or  less  well  burned,  examined 
under  these  conditions,  range  in  appearance  from  a  light 
brown,  semi-transparent,  porous  substance,  to  the  coke-like 
mass  above  described.  It  may  be  added  here,  that  the 
author  has  always  found  the  shape  of  these  particles,  what- 
ever comminuting  machinery  may  have  been  employed,  to 
be  of  a  more  or  less  rounded  nature,  and  he  is  therefore  of 
opinion  that,  although  there  may  be  minute  differences  in 
the  shape  of  the  particle,  the  reason  a  cement  ground  by 
one  type  of  machine,  and  leaving  a  certain  percentage  on  a 
certain  sieve,  sometimes  has  better  cementitious  qualities 
than  one  ground  to  a  similar  degree  of  fineness  by  another 
type  of  mill,  is  not  so  much  due  to  difference  in  shape  of 
grain  as  is  generally  supposed — in  the  former  case  angular, 
and  in  the  latter  case  rounded — but  to  the  fact  that  one 
type  produces  a  greater  proportion  of  impalpable  powder 
or  flour  than  the  other. 

The  appearance  of  Kentish  rag,  viewed  under  the 
microscope  under  the  foregoing  conditions,  is  of  a  white, 
rounded,  semi-transparent  nature,  and  has  none  of  the 
peculiar  honeycombed  appearance  of  cement  clinker ;  it 
will,  therefore,  be  readily  understood  that  its  detection  by 


tne  moisture  in  tne  atmospnere,  ana  ciing  to  tne  outer 
surface  of  the  coarser  particles;  consequently,  when  these 
particles  were  illuminated  for  the  purpose  of  photography, 
the  adhering  flour  gave  the  particle  a  lighter  appearance 
than  it  really  possessed.  Fig.  98  is  another  cement  con- 
taining ragstone  ;  this  sample  was  procured  from  a  firm  of 
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manufacturers  who  then  used,  and  advocated  the  use  of, 
that  mixture.  In  this  case,  also,  the  admixture  is  readily 
discernible  both  by  its  colour  and  structure.  Fig.  99  is 
a  cement  containing  a  large  admixture  of  slag.  In  this 
particular  instance,  the  non-reproduction  of  the  colour  of 
the  object  is  a  great  disadvantage,  as  the  colour  of  the 
substance,  to  use  a  rather  juvenile  simile,  resembles  more 
the  saccharine  concoction  sold  by  confectioners  as  "  mixed 
sweets "  than  anything  else  it  can  be  compared  to ;  this 
is  perhaps  rather  an  unwonted  metaphor  for  a  technical 
treatise,  but  it  describes  exactly  its  appearance.  It  will 
be  noticed  also  that  the  fracture  of  the  slag  is  of  an  angular, 
almost  flaky  nature,  some  of  the  particles  having  a  sharp 
knife-edge  resembling  fractured  flint. 

Care  must  be  taken  also,  in  examining  a  cement  for 
adulteration  under  the  microscope,  not  to  confuse  the 
lighter  coloured  natural  cements,  imported  from  Belgium, 
with  artificial  cements  containing  admixtures  of  ragstone 
or  slag.  Owing  to  the  natural  cements  containing  very 
little  iron  (and  what  little  they  do  contain  being  probably 
unevenly  distributed  throughout  the  mass),  and  also  being 
somewhat  lightly  burnt,  they  contain  a  great  many  light 
particles,  ranging  from  almost  white  to  the  proper  dark 
green  clinker  colour;  these  light-coloured  particles  are, 
however,  of  the  same  porous  spongy  structure  as  the  clinker, 
and  a  little  practice  will  soon  enable  the  operator  to  dis- 
tinguish between  a  Belgian  natural  cement  and  an 
adulterated  artificial  cement. 

The  two  substances  previously  mentioned,  viz.  Kentish 
rag  and  slag,  are  the  only  wilful  admixtures  which  the  author 
has  met  with  so  far  as  regards  English  manufacturers, 
though  there  are,  of  course,  what  may  be  termed  accidental 
impurities,  such  as  an  occasional  piece  of  the  fire-brick 
lining  of  the  kiln,  which  maybe  falls  in  with  the  clinker, 
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CHAPTER  IX 

SPECIFICATIONS 

The  following  chapter  on  specifications  appeared  in  the 
first  edition,  and  was  written  some  five  years  before  the 
first  issue  of  the  British  Standard  Specification  (which 
is  now  almost  universally  adopted  in  England  and  the 
Colonies),  and  when  each  engineer  drafted  his  own 
specification  according  to  his  lights.  Although,  therefore, 
it  is  now  mainly  of  historical  interest  only,  the  author 
trusts  that  it  will  prove  of  sufficient  interest  to  justify  its 
retention ;  it  at  all  events  indicates  the  difficulties  which 
the  manufacturer  then  had  to  contend  with,  in  producing 
a  material  to  suit  the  widely  varied  requirements  of 
different  users. 

The  most  usual  error  which  the  writer  of  a  specification 
made,  was  to  pick  out  what  he  considered  to  be  the  most 
important  clauses  in  other  specifications,  and  incorporate 
them  in  his  own.  The  consequence  was  that  the  specifica- 
tion thus  drawn  up  was  often  an  absolutely  impossible  one 
to  work  to,  and  one  with  which  no  manufacturer  could 
properly  comply.  For  instance,  it  was  unanimously 
admitted  that  fine  grinding  was  a  very  desirable  quality 
in  a  cement,  and  also  that  a  heavy  weight  per  bushel 
indicated  a  thoroughly  burned  material.  These  two  qualities 
were  therefore  demanded  in  the  same  specification,  and  a 
finely  ground  cement  was  specified,  together  with  a  very 
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heavy  weight  per  bushel,  the  writer  probably  being  alto- 
gether ignorant  of  the  fact  that  a  finely  ground  cement 
must  of  necessity  be  a  light  weighing  one,  since  the  weight 
decreases  in  direct  ratio  to  the  fineness. 

Talcing  the  usual  items  of  a  specification  in  order,  it  is 
perhaps  desirable  to  specify  that  the  cement  shall  be  pure 
Portland  Cement,  but  it  is  a  little  difficult  to  understand 
why  some  users  should  go  further,  and  add  that  it  shall 
be  manufactured  on  the  Thames  or  Medway.  The  author's 
experience  is  that  equally  good  cement  is  manufactured  at 
some  of  the  factories  in  other  parts  of  England,  as  at  those 
on  the  Thames  and  Medway;  and,  unless  there  is  some 
special  reason  for  inserting  such  a  clause,  surely  it  cannot 
matter  where  it  is  manufactured,  so  long  as  it  is  of  good 
quality,  and  complies  with  the  conditions  imposed  by  the 
specification. 

With  reference  to  fineness,  again,  contradictory  clauses 
often  occurred.  For  instance,  a  specification  once  came 
before  the  author  in  which  6^  per  cent,  was  allowed  on  a 
50x50  mesh  sieve,  but  there  was  to  be  no  residue  on  a 
40x40.  The  writer  of  this  specification  probably  did  not 
realise  the  fact  that,  with  a  residue  of  6i  per  cent  on  a 
50  sieve,  the  residue  on  a  40  would  certainly  be  as  much  as 
5  per  cent. ;  and  therefore,  in  order  to  get  the  sample  to  all 
pass  a  40  sieve,  it  had  to  be  ground  to  leave  less  than  i 
per  cent,  on  a  50 ;  the  clause  specifying  the  residue  on  a 
50  sieve  might  have  been  omitted  altogether  without  in 
any  way  detracting  from  the  value  of  the  specification. 
Unless  the  very  finest  sieve  is  used,  such  as  the  180X  180, 
or  the  200  X  200,  the  author  is  far  from  recommending  that 
the  fineness  indicated  by  one  sieve  only  should  be  taken, 
as  that  might  lead  to  erroneous  conclusions  as  to  the 
actual  fineness  of  the  sample.  For  instance,  two  cements 
may  leave  the  same  amount  of  residue  on  a  50  or  other 
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comparatively  coarse  sieve,  and  yet  one  may  contain  the 
proper  proportion  of  impalpable  powder  or  flour,  and  the 
other  practically  consist  of  nothing  but  fine  grit.  The  two 
following  cements,  both  of  which  were  received  from  the 
same  user  some  time  ago  for  examination  and  report,  may 
be  quoted  as  an  instance  of  how  delusive  the  residue  on  a 
50  sieve  only  may  be  as  to  their  relative  value :— ^ 


Fineness. 

Tensile  Strength. 

Residue  per  cent,  on  Sieves  of 
Meshes  per  Square  Inch. 

Neat  Cement. 

3  parts  Sand  to 
I  part  Cement. 

50 

76 

100 

180 

50-0 
3+-0 

7  Days. 

28  Days. 

7  Days. 

28  Days. 

No.  I 
No.  a 

6-0 
5-6 

23-0 
156 

33*9 
24-6 

lbs. 
576 

693 

lbs. 
648 

766 

lbs. 
138 

223 

lbs. 
19a 
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It  will  be  noticed  that  both  cements  have  practically  the 
same  residue  on  a  50  sieve,  and  yet  50  per  cent,  of  No.  i 
consists  of  fine  grit  that  will  not  pass  a  180  sieve.  The 
immense  difference  between  the  residue  on  the  50  and  76 
sieves  also  suggests  that  the  clinker  was  reduced  by  edge- 
runners  or  a  similar  method  of  grinding,  in  conjunction 
with  excessive  sieving,  i.e.  repeatedly  passed  under  the 
edge-runners  and  cracked  until  fine  enough  to  pass  (say) 
a  40  sieve,  thus  producing  little  or  no  flour.  No.  i,  again, 
shows  a  very  satisfactory  tensile  strain  when  gauged  neat, 
yet,  owing  to  absence  of  flour,  its  cementitious  value  or 
power  of  cementing  together  particles  of  sand,  as  indicated 
by  the  sand  test,  is  entirely  disproportionate  to  its  power 
of  cohesion,  as  indicated  by  the  tensile  strength  of  the  neat 
briquettes.    No.  i  also  possessed  the  peculiar  harsh, "  short," 


and  gritty  feeling  under  the  trowel  which  is  always  an 
indication  of  an  indifferently  ground  cement,  or  rather  one 
containing  very  little  flour. 

As  has  been  noticed  in  the  chapter  on  fineness,  the 
thickness  of  the  wire  of  which  the  gauze  is  composed 
naturally  affects  the  size  of  the  openings  of  the  mesh. 
A  specification  for  important  harbour  work  in  the  North 
a  few  years  ago  contained  the  following  clause:  "The 
sieves  to  be  made  of  brass  wire,  '(X95  inch  in  diameter  for 
the  50  sieve,  and  '007  inch  in  diameter  for  the  76  sieve." 
This  may  be  a  very  simple  method  of  specifying  the 
thickness  of  the  wire,  but  to  have  thicker  wire  for  the  finer 
sieve  is  entirely  reversing  the  usual  order  of  things,  and 
altogether  contrary  to  common  sense.  By  this  specifica- 
tion, the  width  of  the  opening  of  the  mesh  of  the  76  sieve 
is  reduced  to  about  -006  of  an  inch,  instead  of  about  •009, 
as  in  the  sieve  of  standard  mesh.  This  would  make  an 
enormous  difference  in  the  result  obtained,  the  size  of  such 
opening  being  practically  the  same  as  that  of  a  no  sieve 
of  standard  thickness  of  wire ;  and  consequently  the 
material  would  have  to  be  ground  considerably  finer 
than  appears  necessary  from  a  casual  examination  of 
the  clause. 

In  most  specifications  the  initial  set  of  the  cement  was 
ignored  altogether,  and  as  the  initial  set  is  by  far  the  more 
important  of  the  two,  this  omission  was  of  considerable 
consequence.  Whilst  duly  appreciating  the  advantage 
of  having  some  knowledge  as  to  the  ultimate  hardening 
properties  of  a  cement,  surely  it  is  of  as  much  importance 
to  know  when  it  commences  to  set,  so  that  an  opinion  may 
be  formed  as  to  how  long  it  may  be  manipulated  without 
risk  of  damage  to  its  setting  properties.  So  far  as  r^ards 
setting  properties,  the  most  convenient  cement  for  general 
use  is  one  which  has  a  moderately  slow  initial  set,  so  as  to 


of  a  circle  -^  inch  in  diameter ;  should  no  impression  be 
made  upon  the  surface  the  cement  will  be  accepted."  It 
will  be  noted  that  there  was  absolutely  no  time  indicated 
as  to  how  long  after  gauging  the  test  was  to  be  applied ; 


"a  freshly  made  pat  "is  an  extremely  elastic  term,  and 
might  reasonably  be  construed  to  mean  anything  from  ten 
minutes  to  ten  hours.  Such  a  clause  is  of  course  utterly 
useless,  and  it  is  a  little  difficult  to  understand  what  the 
writer  of  the  specification  really  intended  to  convey. 

In  the  clause  relating  to  tests  for  tensile  strength  it  was 
often  specified  that  a  certain  percentage  of  water  should 
be  used  for  gauging,  but  this  is  not  a  wise  proviso  to  make, 
inasmuch  as  the  quantity  required  for  properly  gauging 
cement  varies  with  almost  every  sample.  One  cement 
may  require  as  much  as  24  per  cent,  while  another  would 
be  absolutely  drowned  by  using  18  per  cent.  In  every 
case  the  minimum  of  water  necessary  to  bring  the  cement 
to  a  plastic  mass  should  be  used,  and  the  specification 
should  therefore  be  worded  accordingly.  A  rather  amus- 
ing case  once  occurred  in  which  10  per  cent,  of  water  was 
specified  for  gauging  neat  briquettes.  Evidently  the  writer 
of  the  specification  had  read  somewhere  that  10  per  cent, 
was  the  amount  used  for  making  briquettes,  but  he  had 
altt^ether  omitted  to  notice  that  they  were  composed  of 
three  parts  of  sand  to  one  part  of  cement.  The  result 
was  that  the  neat  cement  with  only  10  per  cent  of  water 
was  scarcely  damped,  and  as  it  consequently  did  not  flux 
properly  into  the  moulds,  the  greater  part  of  the  usual 
amount  required  to  fill  the  moulds  could  not  be  got  into 
them.  Briquettes  gauged  with  a  sufficiency  of  water,  viz. 
2013  per  cent.,  carried  just  double  the  strain  of  those  which 
were  starved,  so  to  speak,  for  want  of  water. 

Specifications  were  sometimes  met  with  which  were 
decidedly  ambiguous  as  to  the  time  which  was  to  elapse 
between  the  gauging  of  the  briquettes  and  their  immersion 
in  water.  The  following  or  a  similar  clause  was  frequently 
to  be  met  with :  "  Neat  briquettes,  after  being  kept  in  water 
seven  days,  shall  carry  at  least lbs.  per  square  inch." 


This  might  be  construed  to  mean  that  the  briquettes  were 
to  be  placed  in  water  immediately  after  gauging  and  before 
they  are  set ;  if  kept  in  air  for  twenty-four  hours,  as  usual, 
before  being  placed  in  water,  it  would  become  an  eight 
days'  test,  viz.  one  day  in  air  and  seven  days  in  water. 

A  somewhat  similar  clause  was  the  following,  which 
specified  :  "  That  the  cement  must  be  capable  of  maintain- 
ing a  breaking  weight  of  not  less  than lbs.  per  square 

inch  seven  days  after  being  made  in  a  brass  mould  and 
immersed  in  water  during  the  interval  of  seven  days," 
This  clause  evidently  intended  the  briquettes  to  be  plunged 
in  water  immediately  after  gauging,  but  it  was  decidedly 
ambiguous,  and  might  be  construed  into  seven  days  in 
water  after  the  usual  interval  of  twenty-four  hours  in  air, 
i.e.  an  eight  days'  test  altogether.  As  this  would  of  course 
give  the  cement  a  longer  time  to  harden,  it  was  the  con- 
struction the  vendor  would  probably  have  preferred  to  put 
upon  it. 

The  following  is  a  clause  of  a  similar  ambiguous  nature ; 
as  the  cement  in  question  was  for  shipment  to  Mexico,  it 
was  probably  a  translation  from  the  Spanish,  the  translator 
evidently  not  being  familiar  with  the  usual  technical  terms. 
"  The  briquettes  formed  from  this  cement,  taken  indis- 
criminately from  different  barrels,  soaked  in  water  as  soon 
as  they  may  have  attained  a  sufficient  consistence,  shall 
resist  at  the  end  of  seven   days  of  soaking  a  minimum 

tensile  strain   of lbs.   per  square   inch."      This    also 

might  be  construed  into  an  eight  days'  test,  but  at  all 
events  it  involves  more  than  the  usual  seven  days  from 
the  time  of  gauging,  everything  depending  upon  how  long 
the  cement  takes  to  "  obtain  a  sufficient  consistence "  to 
bear  "  soaking,"  The  obvious  way  to  avoid  such  ambiguity 
is  to  state  plainly  that  "briquettes  placed  in  water  twenty- 
four  hours  after  gauging  shall   carry  an  average  tensile 


oi  increase  oeiwcen  ixiose  aaies. 

The  following  is  an  instance  of  how  slight  an  omission 
may  alt<^ether  nullify  the  intention  of  a  specification. 
The  cement  for  some  important  work  in  the  Colonies  was 
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to  be  inspected  previous  to  shipment,  and  to  ensure  its 
being  thoroughly  aerated  before  being  packed,  the  specifi- 
cation contained  a  clause  to  the  effect  that  the  bulk  was  to 
be  turned  over  twice  before  shipment,  the  evident  intention 
of  the  writer  of  the  specification  being,  that  at  least  two 
or  three  days  should  elapse  between  each  turning.  No 
mention,  however,  of  such  an  interval  was  made  in  the 
specification,  and  therefore,  when  the  manufacturers  were 
pressed  for  shipment,  they  simply  had  the  bulk  turned 
over  twice  within  a  few  hours  and  packed  up  at  once. 
It  had  been  turned  over  according  to  the  terms  of  the 
specification  I 

In  Appendix  III.  will  be  found  a  complete  copy  of 
the  third  edition  (second  revised  issue)  of  the  Standard 
Specification  for  Cement  recommended  by  the  Standards 
Committee  of  the  several  British  Engineering  Institutions, 
and  published  in  1910.  In  common  with  the  first  and 
second  editions,  issued  in  1904  and  1907  respectively,  it 
follows  somewhat  closely  the  general  lines  laid  down  in 
the  author's  suggested  model  specification,  embodied  in  a 
paper  read  before  the  Society  of  Engineers  in  1903,  and 
also  included  in  this  chapter  in  the  earlier  editions  of  this 
work.  The  tensile  strength  is  rather  lower  than  in  the 
author's  specification,  and  might  be  increased  with  advan- 
tage, since  it  is  considerably  below  the  average  of  the  best 
brands  of  Portland  Cement,  as  will  be  seen  on  reference 
to  p.  251.  The  test  for  soundness  adopted,  ue,  the 
Le  Chatelier  boiling  test,  is  unnecessarily  severe,  and 
frequently  condemns  a  good  sound  cement ;  the  Faija 
test,  which  is  based  on  thirty  years'  practical  observation, 
equally  safeguards  the  user,  without  needlessly  rejecting  a 
sound  constructive  material. 

For  comparative  purposes,  the  German  Standard  Rules 
for  the  uniform  delivery  and  testing  of  Portland  Cement, 
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The  uses  to  which  Portland  Cement  may  be  applied  are 
so  numerous,  that  their  enumeration  would  be  tedious. 
The  author,  therefore,  in  this  part  of  the  work  proposes 
only  to  glance  at  them  in  passing,  and  to  point  out  some 
of  the  chief  causes  which  give  rise  to  unsatisfactory  work 
when  executed  with  that  material. 

The  principal  characteristic  which  renders  Portland 
Cement  such  a  valuable  material  to  the  engineer,  and  those 
in  charge  of  constructive  work,  is  its  hydraulic  property 
or  power  of  setting  and  hardening  under  water,  or  what 
Pasley  in  his  day  would  have  called  its  property  as  a 
"water  cement"  This  property,  in  combination  with  its 
great  strength,  renders  it  an  invaluable  material  for  dock 
and  harbour  construction,  and  many  fine  examples  may 
be  found  around  our  coasts  of  its  employment  for  work  of 
this  description. 

The  first  care  of  the  user  of  cement  should  be  to  ascertain 
whether  it  is  fit  for  immediate  use,  or  if  it  would  be  im- 
proved by  judicious  maturing  or  aeration.  With  the 
improved  methods  of  manufacture  now  adopted,  this 
precaution  is  not  so  necessary  as  it  was  some  ten 
or  fifteen  years  ago,  and  if  a  cement  is  found  to  have 
convenient  setting  properties,  and  to  pass  the  rigorous 
requirements  of  the  British  Standard  Specification  as 
regards  soundness,  there  -is,  as  a  general  rule,  nothing  to 

889  Z  2 


un  tne  upper  tioor  oetween  tne  sneives  was  a  nign-ievei 
narrow-gauge  tramway,  upon  which  the  sacks  of  cement 

'  Procadings,  Imlilulion  e/ Civil  An/^iutrs,  vol.  Mxvi.  p,  44, 


were  brought  in  on  trucks.  From  the  trucks  the  cement 
was  discharged  into  bins,  and  from  these  it  was  shovelled 
through  side  openings  over  the  upper  tier  of  loose  boards  to 
a  thickness  of  3  inches  or  6  inches.  One  or  two  days  later, 
two  men  passed  respectively  along  the  two  ends  of  each 
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set  of  boards,  shown  in  fig.  lOl,  and  tipped  them  up  one 
by  one.  The  cement  then  lay  very  lightly  on  the  next 
lower  tier,  from  which  it  was  similarly  tipped  to  the  next, 
arriving  on  the  lowest  floor  after  six  very  complete  turnings 
and  continuous  exposure  in  thin  layers  during  one  to  three 
or  more  weeks  as  might  be  found  desirable." 

In  the  use  of  such  a  method  of  maturing  as  this,  care 
would  have  to  be  exercised  during  damp  weather  against 
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damage  from  over-exposure,  as  if  the  cement  were  exposed 
too  long  to  an  atmosphere  laden  with  moisture,  the  exposed 
portions  of  the  mass  would  become  coagulated,  or  what  is 
known  as  air-set,  by  which  a  great  part  of  its  vitality  would 
be  lost  The  author  was  informed  a  short  time  ago  by  an 
engineer  who  had  used  Dr  Deacon's  method,  that  he  found 
the  cement  in  some  cases  had  become  greatly  deteriorated 
on  this  account,  and  there  is  no  doubt  that  with  cement 
of  the  present  day,  such  a  method  of  maturing  would  be 
found  excessive. 

Another  effect  of  aeration  or  exposure  of  cement  is  to 
render  it  slower  setting,  and  this  sometimes  produces  an 
important  improvement.  Some  cements  are  extremely 
quick  setting  when  first  received  from  the  manufacturer, 
in  fact,  so  much  so,  that  if  used  immediately,  they  would 
commence  to  set  before  manipulation  could  be  completed, 
thus  causing  an  inferior  result.  By  judicious  maturing, 
part  of  the  aluminate  of  lime,  which  is  responsible  for  the 
setting  of  cement,  becomes  hydrated  by  the  moisture  in 
the  atmosphere,  and  thus  its  setting  properties  are  corre- 
spondingly modified.  As  a  rule  cement  sets  less  quickly 
when  mixed  with  aggregate  than  when  gauged  neat ;  from 
personal  obser\'ation,  it  has  generally  been  found  that  a 
mortar  composed  of  3  parts  of  sand  to  i  part  of  cement  has 
an  initial  set  about  three  times  as  long  as  that  of  a  neat 
cement.  This  remark  of  course  applies  only  to  the  use  of 
dry  sand  and  aggregate.  If,  as  is  very  often  the  case,  the 
sand  or  aggregate  is  wet  or  moist  when  mixed  with  the 
cement,  it  is  very  probable  that,  owing  to  the  great  avidity 
which  cement  has  for  water,  it  will  absorb  some  of  the 
moisture  from  the  sand  during  the  usual  preliminary  opera- 
tion of  turning  dry,  and  thus  become  partially  hydrated 
and  lose  some  of  the  vigour  of  its  setting  properties. 

A   still   further  effect  of  aeration  is  that  the  cement 


Use  of  Portland  Cement  343 

increases  considerably  in  bulk,  owing  to  the  absorption  of 
moisture  and  carbonic  acid  from  the  atmosphere.  In  the 
course  of  a  recent  discussion  on  the  subject,  a  well-known 
harbour  engineer  stated  that,  from  experiments  he  had 
made,  the  increase  of  bulk,  due  to  aeration  resulting  from 
six  turnings,  amounted  to  as  much  as  6  per  cent  As  the 
proportions  of  cement  and  aggregate  are  generally  deter- 
mined by  measure,  this  would  be  an  important  item  to  a 
contractor,  and  would  more  than  repay  the  cost  of  turning, 
although,  as  a  matter  of  fact,  the  concrete  would  contain 
that  much  less  of  actual  cement 

The  question  as  to  whether  cement  should,  or  should 
not  be  aerated  before  use,  was  discussed  at  very  consider- 
able length  at  the  Institution  of  Civil  Engineers  some  two 
years  ago,  as  the  outcome  of  a  paper  on  the  subject  by 
Mr  H.  K.  G.  Bamber.  He  adduced  instances  showing 
that  modern  Portland  Cement  lost  considerably  in  strength 
after  two  or  three  weeks'  aeration,  but  his  figures  on  this 
point  seemed  to  prove  too  much,  and  were  strongly  con- 
troverted by  other  speakers.  The  author's  experience  is 
that,  although,  as  before  stated,  aeration  is  now  an  un- 
necessary expense  in  most  cases,  it  does  not  cause  any 
appreciable  deterioration  if  judiciously  carried  out  and 
not  unduly  prolonged.  The  chief  effect  of  aeration  on  a 
cement  is  that  it  affords  an  opportunity  of  any  unstable 
lime  compounds,  commonly  called  free  lime,  to  hydrate  or 
air  slake,  and  thus  prevents  subsequent  expansion,  due  to 
these  compounds  hydrating  in  the  mass  of  the  set  concrete, 
with  increase  of  volume. 

In  order  to  secure  first-class  work,  the  user  cannot  be 
too  particular  in  his  selection  of  aggregates,  more  than  one 
case  of  unsatisfactory  work  being  traceable  directly  to  the 
use  of  a  dirty,  ill-proportioned  aggregate.  Loam  or  dirt  is 
the  greatest  enemy  of  cement,  and  a  very  small  quantity 
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of  loamy  matter,  adhering  to  the  aggregate,  is  sufficient  to 
materially  weaken  the  concrete;  since  the  cement  could 
only  cling  to  the  surrounding  dirt,  and  would  have  no 
proper  adherence  to  the  stone,  it  would  naturally  give  way 
on  the  least  stress.  The  extreme  care  which  is  exercised 
by  all  makers  of  concrete  paving  slabs,  and  other  purpose 
made  goods,  to  thoroughly  wash  their  aggregate,  not  only 
to  remove  all  loam  or  dirt,  but  also  the  fine  dust  produced 
from  the  crushing  of  the  stone,  may  be  instanced  in  strong 
corroboration  of  this  view.  In  addition  to  permanently 
weakening  the  mass,  the  presence  of  loam  also  renders  the 
cement  perceptibly  slower  setting,  so  much  so  as  often  to 
be  a  serious  disadvantage. 

The  weakening  effect  upon  concrete  of  the  fine  dust 
resulting  from  the  crushing  of  the  stone  was  recently 
brought  prominently  into  notice  in  the  author's  testing 
room,  while  examining  the  comparative  value,  as  a  matrix, 
of  good  sharp  sand,  and  fine  limestone  screenings,  viz.  that 
which  passed  through  a  f-inch  square  mesh.  The  sand 
was  remarkably  clean,  only  containing  o*2  per  cent,  of 
loamy  matter  removable  by  washing.  The  limestone 
screenings,  on  the  other  hand,  were  found  to  lose  20  per 
cent,  of  fine  dusty  matter,  and  when  wetted  before  washing, 
had  a  very  muddy  appearance.  Comparative  tests  for 
tensile  strength  were  made  of  each  of  the  washed  and 
unwashed  materials,  mixed  in  the  proportion  of  3  parts 
of  sand  or  screenings  to  i  part  of  cement.  The  results 
were  as  follows,  the  average  of  five  briquettes  of  i-inch 
section  being  given  in  each  case : — 

7  Days.  21  Days. 

I  Unwashed       180  lbs.  235  lbs. 

Limestone  < 

I  Washed  161    „  365    „ 

Sand  (Unwashed        137    „  185    „ 

'  \  Washed  138    „  192    „ 
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It  will  be  seen  that  the  strength  of  the  mortar  at  twenty- 
one  days  was  improved  as  much  as  55  per  cent,  by  removing 
the  fine  dusty  matter,  and,  moreover,  that  the  washed  stone 
makes  a  great  deal  stronger  mortar  than  the  sand,  a  result 
that  is  probably  due  to  the  fact  that  the  former,  when 
crushed,  broke  up  into  flat  jagged  fragments,  which  aflforded 
a  better  "  tooth  "  for  the  cement  than  the  sand,  though  the 
latter  was  a  good  sharp,  fairly  coarse  sand,  of  decidedly 
above  average  quality. 

The  best  aggregate  is  that  which  is  sharp  and  angular, 
and  has  a  rough  surface,  forming  a  tooth  or  key  for  the 
cement  to  adhere  to.  Sea  shingle,  from  the  smooth 
rounded  nature  of  its  pebbles,  although  often  used,  is  not 
an  ideal  aggregate;  the  cement  having  nothing  but  a 
smooth  round  surface  to  adhere  to,  cannot  exercise  the 
same  adhesive  power  as  when  the  aggregate  has  a  rough 
surface,  such  as  ragged  broken  stone;  therefore  if  sea  shingle 
is  used,  it  should  be  first  run  through  a  crusher,  and  it 
will  then  give  excellent  results.  The  size  of  the  aggregate, 
if  of  broken  stone,  may  vary  according  to  the  size  of  the 
work  of  which  it  forms  a  part,  but  it  should  all  pass  a 
3-inch  ring,  and  the  greater  part  of  it  should  pass  a  i  J-inch 
ring,  according  to  the  size  of  the  sand  or  gravel  that  is  to 
be  used  with  it.  In  large  monolithic  masses,  such  as  dock 
walls,  it  will  be  found  economical  to  incorporate  large 
pieces  of  stone  or  "  displacers,"  as  they  are  generally 
called ;  if  these  displacers  are  clean  scrubbed,  and  kept  a 
sufHcient  distance  apart,  say  18  inches  at  least,  the  strength 
of  the  structure  will  not  be  aflFected.  The  essential  feature 
of  all  concrete  is,  that  each  portion  of  the  aggregate  should 
be  thoroughly  and  equally  surrounded  by  a  coating  of 
the  cement  or  matrix,  as  it  is  evident  that  if  two  pieces  of 
aggregate  are  in  contact,  without  such  intervening  coating 
of  matrix,  the  mass  must  be  thereby  weakened.    Therefore, 
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by  properly  proportioning  the  size  of  the  aggregate,  the 
cement  will  be  able  to  do  more  work  than  if  all  fine 
aggregate  is  used,  for  it  is  very  evident  that  the  larger  the 
size  of  the  aggregate,  within  limits,  the  less  the  external 
area  of  such  aggregate  to  be  covered  with  a  coating  of 
cement  or  mortar.  In  the  same  way,  the  use  of  a  very 
fine  sand  weakens  the  cementing  power  of  a  cement,  for, 
as  previously  stated,  the  smaller  the  particles,  the  greater 
the  external  area  of  such  particles  within  a  given  space 
that  has  to  be  covered  by  the  cement  A  case  of  failure, 
traceable  partly  to  that  cause,  occurred  a  short  time  ago. 
The  sand  in  this  instance  was  so  fine  that  80  per  cent, 
passed  through  a  50  sieve,  and  60  per  cent,  passed  through 
a  76  sieve ;  in  addition  to  this,  it  contained  a  considerable 
amount  of  earthy  matter,  so  that  it  is  not  surprising  that 
the  results  were  unsatisfactory. 

An  aggregate  that  is  largely  used  for  floors  and  flat 
roofs,  chiefly  on  account  of  its  being  lighter  than  Thames 
ballast,  crushed  stone,  and  similar  aggregates,  is  what  is 
commonly  known  as  ^  Breeze,"  and  in  this  respect  it  may 
be  of  interest  to  quote  extracts  from  a  paper  which  the 
author  had  the  honour  of  reading  in  1909  before  the  Society 
of  Architects,  on  "  The  Dangers  of  Breeze  Concrete,"  and 
embodying  the  results  of  his  researches  on  the  subject 

''During  the  past  few  years,  the  author  has  met  with 
increasingly  numerous  instances  of  failure  of  concrete 
composed  of  Portland  Cement  and  breeze,  failures  as  a 
general  rule  caused  by  the  expansion  of  the  mass,  result- 
ing in  more  or  less  serious  consequences  to  the  structure 
of  which  it  formed  part.  These  failures  have  generally 
occurred  where  the  concrete  has  been  used  to  form  flat 
roofs,  or  fireproof  concrete  floors,  on  the  well-known 
embedded  rolled  joist  system  of  construction ;  in  some 
instances    the    expansion    has    been    but   slight,  though 
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noticeable;  in  others  it  has  been  sufficient  to  push  out 
the  brickwork  walls,  causing  serious  bulging,  and  thus  en- 
dangering the  safety  of  the  whole  structure ;  while  in  one 
extreme  case,  a  flat  roof  composed  of  breeze  concrete,  not 
only  expanded  sufficiently  to  push  out  the  parapet  walls 
and  seriously  endanger  the  stability  of  the  structure,  but 
the  internal  disruption  set  up  within  the  mass  was  sufficient, 
owing  to  incipient  disintegration,  to  cause  it  to  become 
buckled  and  distorted  and  thoroughly  rotten. 

''Careful  investigation  of  some  of  the  foregoing  cases 
of  failure  justified  the  opinion  that  the  mischief  lay  with 
the  cement,  but  in  many  instances  the  most  careful 
and  searching  investigation,  both  chemical  and  physical, 
disclosed  nothing  sufficiently  definite  in  character  to 
enable  the  investigator  to  lay  his  finger  with  positive 
certainty  on  the  cause  of  the  trouble.  In  nearly  all  the 
samples  of  so-called  '  Breeze '  concrete,  a  very  considerable 
quantity  of  material,  other  than  pure  coke,  was  noticeable 
in  the  aggregate,  such  as  clinkers,  stones,  shale,  ashes,  etc., 
etc.,  together  with,  in  some  instances,  a  noticeable  amount 
of  coal.  It  may  be  remarked  in  passing,  that,  judging  from 
the  quality  of  the  '  Breeze '  which  may  daily  be  seen  being 
delivered  to  buildings  in  the  course  of  erection,  presumably 
for  incorporation  in  fireproof  floors,  etc.,  many  a  clerk  of 
works  must  be  imbued  with  a  pleasing  and  childlike  faith 
in  the  ability  of  Portland  Cement  to  stick  together  any 
kind  of  rubbish ;  it  appears  to  be  an  established  belief  with 
some  cement  users,  that  to  produce  a  good  concrete,  it  is 
only  necessary  to  have  good  cement,  and  that  any  dustbin 
refuse  or  other  rubbish  will  serve  for  aggregate,  and  it  is 
not  until  failure  occurs,  that  they  realise  that  they  have 
been  asking,  and  expecting,  the  cementing  medium  to 
perform  impossibilities. 

*'  It  is  questionable  whether,  on  account  of  its  combustible 


nature,  pure  breeze,  te.  fine  coke,  is  desirable  as  a  fireproof 
material ;  an  instance  has  recently  been  brought  to  the 
author's  notice  in  which  a  breeze  concrete  enthusiast  used 
that  material  for  a  boiler  setting,  which  eventually  took 
fire  and  gradually  smouldered  away,  with  results  that  can 
be  better  imagined  than  described.  Whatever  may  be  the 
disadvantages  of  other  extraneous  material  found  in  breeze, 
it  will  be  readily  understood  that  coal  ts  not  a  desirable 
constituent  for  concrete ;  in  the  first  place,  on  account 
of  its  smooth,  shiny  surface,  the  adherence  of  the  cement 
would  be  extremely  poor  ;  in  the  second  place,  it  is  worse 
than  useless  as  a  fireproof  material,  on  account  of  its 
tendency  to  decompose  on  heating.  The  question  arose, 
however,  whether,  apart  from  being  undesirable  for  the 
reasons  aforesaid,  either  coke  breeze  or  coal  was  in  any 
way  dangerous,  as  being  likely  to  cause  expansion  of 
the  concrete. 

"The  first  experiment  was  of  a  somewhat  rough  and 
ready  nature,  and  was  made  with  coal.  An  ordinary 
bituminous  house  coal  was  crushed  and  sifted  to  about  the 
fineness  of  standard  sand,  i.e.  passed  through  a  ^inch 
sieve  and  retained  on  a  ^-inch ;  with  this  coal  a  3-1 
mortar  was  made,  and  two  small  2-oz.  glass  bottles  filled 
with  the  mixture;  one  bottle  was  filled  quite  full,  and  the 
other  was  filled  to  within  a  quarter  of  an  inch  of  the  top, 
and  sealed  down  with  a  paste  of  neat  cement,  the  object 
of  the  sealing  being  to  ascertain  whether  the  imprisonment 
of  any  hydrocarbons  set  free  from  the  coal  would  have  any 
bursting  effect  For  comparative  purposes,  similar  bottles 
were  also  filled  with  a  paste  of  neat  cement  and  also  3—1 
mortar  of  standard  sand.  Sixteen  cements  of  various 
qualities  and  different  origin  were  tried,  some  being  sound 
when  tested  for  expansion  by  the  Faija  test  and  the  Le 
Chatelier  boiling  test,  and  some  otherwise;   the  samples 
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were  those  which  passed  through  the  author's  hands  for 
testing  in  the  usual  course,  and  were  not  specially  chosen 
except  for  the  purpose  of  obtaining  as  varied  a  selection  as 
possible,  English,  German,  Belgian,  and  Swedish  cements 
being  represented. 

"  The  whole  of  the  bottles  eventually  cracked,  with  the 
exception  of  No.  12,  filled  with  Standard  Sand-Cement 
Mortar.  But  while  those  filled  with  the  coal  mortar 
generally  cracked  within  two  or  three  days,  and  with  a 
very  few  exceptions  continued  to  expand  until  the  bottles 
burst  away  into  several  pieces,  those  filled  with  the  neat 
cement  and  the  sand  mortar  frequently  did  not  develop 
any  cracks  whatever  till  several  months,  and  it  was  the 
exception,  rather  than  the  rule,  for  them  to  continue 
expanding  sufficiently  to  burst  the  bottle.  A  very  good 
example  of  this  is  afforded  by  cement  sample  No.  16, 
(illustrated  in  figs.  104, 105,  and  106).  Another  notable  fact 
was  that  both  the  Neat  Cement  and  Sand -Cement  Mortar 
bottles  (figs.  104  and  105)  remained  perfectly  sound  after 
eleven  months,  and  then  only  developed  very  minute 
cracks,  whereas  the  Coal-Mortar  bottle  (fig.  106)  was 
cracked  in  twelve  days,  and  burst  right  off  in  forty-two 
days.  This  suggests  that  the  cause  of  the  cracking,  after 
such  protracted  periods,  might  be  due  to  unequal  expansion 
of  the  glass  and  the  mortars  at  varying  temperatures; 
according  to  Ganot's  Physics  the  coefficient  of  linear 
expansion  between  i®  and  100''  C.  of  glass  is  O"0O00o86i3, 
and  wrought  iron  (which  is  said  to  be  the  same  as  cement) 
is  0*000012204,  or  nearly  50  per  cent,  higher.  Though,  as 
before  stated,  the  bottle  test  is  only  a  rough  one,  it  serves 
to  show  that  coal  develops  dangerously  expansive  pro- 
perties when  mixed  with  cement,  but  since  there  is  no 
clearly  marked  difference  between  those  bottles  sealed 
down  with  neat  cement,  and  those  unsealed,  it  does  not 


coke,  and  clinkers,  rubbish  of  all  sorts  was  present,  such  as 
bits  of  steel  saw,  nails,  brass,  and  iron  turnings,  and  other 
metal  fragments,  broken  pottery,  etc.,  etc.,  in  fact,  savour- 
ing rather  of  the  rubbish  usually  found  in  the  dustbin,  than 
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of  coke  breeze  proper.  The  percentage  of  each  fraction 
was  carefully  recorded,  as  will  be  noted  in  the  tables  given 
in  the  appendices,  and  as  a  convenient  size  for  making 
into  mortar  for  testing  purposes,  each  fraction  was  broken 
up  to  pass  a  ^^-inch  sieve. 

"Two  cements  of  previously  ascertained  stability  of 
volume  were  used  for  the  experiments : — 

"A,   produced   from  the  well-known  lias  formations 

near  Rugby. 
''B,  produced  from  chalk  marl  deposits  and  clay  in 
the  Midland  Counties. 

"The  bottle  test,  previously  described  as  having  been 
carried  out  with  the  coal  mortars,  was  somewhat  crude, 
and  also  qualitative  rather  than  quantitative ;  moreover,  as 
previously  pointed  out,  it  might  conceivably  be  influenced 
by  the  diflerence  between  the  coefficient  of  expansion  of 
the  glass  and  of  the  mortars  at  different  temperatures. 
In  order,  therefore,  to  render  them  more  accurate  and  of 
a  quantitative  nature,  the  subsequent  experiments  with 
coke  breeze  mortars  were  made  with  prisms,  or  rectangular 
bars  100  millimetres  long  and  22  mm.  x  22  mm.  cross  section, 
the  expansion  and  contraction  of  which  were  accurately 
measured  in  the  Bauschinger  Micrometer  Calliper  Appara- 
tus (see  fig.  51,  p.  197);  by  its  use  a  minute  variation  of 
5^^  mm.  or  005  per  cent,  in  the  length  of  the  prism  may 
be  detected  with  certainty,  and  it  is  therefore  a  very 
valuable  instrument  for  research  work  of  this  nature. 

"  Cement  and  Standard  Sand. — Eight  bars  or  prisms 
were  made  with  each  kind  of  cement,  four  being  made  with 
neat  cement,  and  four  with  3-1  Standard  Sand-Cement 
Mortar.  Two  of  each  series  were  kept  entirely  in  air,  and 
two  placed  in  water  after  twenty- four  hours,  and  kept  therein 
during  the  three  months  with  which  this  record  deals.  Each 
bar  was  measured  after  one  day,  seven  days,  twenty-eight 
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days,  and  three  months,  and  the  measurements  recorded, 
which  showed  that  the  expansion  under  water  was  negligible, 
while,  as  is  usually  the  case  with  most  Portland  Cements, 
the  bars  kept  entirely  in  air  showed  slight  contraction, 
more  particularly  the  neat  cement  bars  of  sample  A. 

"Breeze  Sample  No.  I. — Described  as  'Fine  Pan 
Breeze ' ;  it  consisted  mainly  of  clinker  and  coke  with  traces 
only  of  coal.  Separated  out  as  previously  described,  about 
32  per  cent,  passed  through  a  ^^-inch  sieve,  and  35  per  cent, 
through  a  J-inch  sieve.  Of  the  remaining  33  per  cent, 
about  22  per  cent,  was  clinkers,  and  1 1  per  cent  coke  with 
08  per  cent  coal.  Each  of  these  fractions,  after  being 
broken  up  to  pass  a  ^^-inch  sieve,  was  made  into  prisms  or 
bars  with  the  two  different  kinds  of  cement,  two  bars  of 
each  being  left  in  air,  and  two  placed  in  water  after  twenty- 
four  hours,  and  measured  after  one  day,  seven  days,  twenty- 
eight  days,  and  three  months.  The  expansion,  though 
measurable,  was  practically  negligible  in  each  case,  being 
about  01  per  cent. ;  the  air  bars,  as  with  the  standard  sand 
bars,  generally  showed  slight  contraction. 

"  The  two  cements  gave  identical  results  with  each  fraction 
or  portion  of  the  breeze,  and  the  same  remark  was  found, 
as  a  general  rule,  to  apply  throughout  to  the  whole  of  the 
subsequent  experiments,  whether  the  expansion  was  great 
or  small. 

"Breeze  Sample  No.  II. — Described  as  *  Coarse  Pan 
Breeze/  This  sample  consisted  of  coke  and  clinker  only, 
in  pieces  averaging  about  2-inch  diameter,  the  proportions 
being  about  35  per  cent,  of  clinker  to  65  per  cent,  of  coke. 
Treated  in  an  exactly  similar  manner  to  No.  I.,  the  results 
were  likewise  practically  negative. 

"  Breeze  Sample  No.  1 1 1. — Described  as  *  Coke  Breeze ' ; 
consisted  of  coke  and  clinker,  with  a  little  coal.  The  coke 
varied  from  2  inches  diameter  to  fine  dust     About  48  per 
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cent,  passed  through  a  J-inch  sieve;  the  remaining  52  per 
cent,  sorted  over,  gave  40*6  per  cent,  coke,  8*6  per  cent, 
clinker,  and  264  per  cent.  coal.  These  results  were  also 
mainly  negative.  The  coal  being  such  a  small  fraction,  it 
was  not  possible  to  make  such  extended  experiments  as 
one  would  wish,  but  so  far  as  they  went,  they  showed  that 
this  particular  coal,  a  species  of  anthracite,  was  practically 
harmless. 

"Breeze  Sample  No.  IV. — Described  as  'Furnace 
Ashes.'  This  sample  was  very  damp  when  received, and  had 
to  be  dried  before  it  could  be  treated.  About  26  per  cent, 
passed  through  a  ^^-inch  sieve,  and  22  per  cent,  through  a 
J-inch.  The  remaining  52  per  cent,  was  sorted  out  into  coke 
about  15  per  cent, coal  1*5  per  cent,and  clinkers  35  J  per  cent 
Each  of  these  five  fractions,  tested  with  the  two  cements  as 
before  described,  again  gave  practically  negative  results. 

"Breeze  Sample  No.  V. — Described  as  *Gas  Works 
Clinkers ' ;  consisted  of  clinkers  only,  ranging  in  size  from 
4-inch  diameter  downwards.  They  were  crushed  to  pass 
a  ^^-inch  sieve  as  before  described,  and  tested  in  the  same 
way  as  previous  samples,  but  with  negative  results. 

"  All  the  foregoing  samples  having  given  negative  results, 
attention  was  next  directed  to  samples  of  'Breeze'  which 
the  contractors  supplying  them  described  as  'sometimes 
used  for  floors,  but  which  they  neither  used  nor  recom- 
mended'; Nos.  VIII.,  IX.,  and  X.,  moreover,  were 
described  as  '  such  that  would  not  be  allowed  by  a  clerk  of 
works  for  fireproof  flooring,*  but  the  author  found  them  to 
diflier  very  little  indeed  from  the  ingredients  found  in  many 
samples  of  breeze  concrete  taken  from  important  works. 

"Breeze  Sample   No.  VI. — Described  as  'Ashes  or 

Furnace  Refuse.'    About  21^  per  cent,  passed  through  a 

^inch  sieve,  and   15^  per  cent,  through  a  J-inch  sieve. 

The  remaining  63  per  cent  after  sorting,  gave  roughly  34 
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per  cent,  coke,  27  per  cent  clinkers,  and  I  per  cent, 
shaley  matter.  Treated  as  before,  the  results  were  again 
negative. 

"Breeze  Sample  No.  VII.— Described  as  'Ashes  or 
Furnace  Refuse.'  About  15  per  cent  passed  through  a 
iV'"ch  sieve  and  17  per  cent  through  a  ^-inch  sieve,  the 
residue  of  68  per  cent  on  the  J-inch  sieve  giving  32  per 
cent  clinkers,  23  per  cent  coke,  and  13  per  cent  coal. 

"  It  will  be  noticed  that  this  sample  contains  a  consider- 
able quantity  of  coal,  whereas  No.  VI.,  a  material  described 
by  the  suppliers  in  exactly  the  same  terms,  contains  none  ; 
this  coal,  however,  did  not  appear  to  have  exerted  any 
deleterious  influence  upon  the  specimens,  probably  due  to 
its  being  of  an  anthracitic  rather  than  of  a  bituminous 
nature,  a  point  dealt  with  more  fully  later  on. 

"  Breeze  Sample  No.  VIII. —  Described  as  '  Sample  of 
Coal  Ash  straight  from  Furnace  of  Paper  Mills,  burnt  from 
Coal  only.'  This  sample  was  greyish-white  in  colour,  and 
contained  a  considerable  quantity  of  clinkers  ;  the  clinkers 
being  more  or  less  friable,  probably  accounts  for  the  lai^er 
proportion  passing  through  the  sieves.  About  43  per  cent, 
passed  through  a  ^\,-inch  sieve,  and  12  per  cent  through 
a  J-inch  sieve.  Of  the  45  per  cent  remaining,  about  20 
per  cent-  was  clinker,  23  per  cent  coke,  and  ij  per  cent, 
coal.  Although  the  specimens  left  entirely  in  air  developed 
little  or  no  expansion,  all  the  fractions,  except  the  coke 
and  clinkers,  showed  rather  marked  expansion  in  water, 
the  coal  being  very  much  the  worst.  Unfortunately,  the 
quantity  of  coal  found  was  so  small,  that  it  was  only 
possible  to  try  it  with  one  cement,  but  with  the  other 
fractions  the  results  obtained  with  the  two  different  cements 
practically  corroborated  one  another,  although  Cement  A 
developed  rather  more  expansion  in  each  case  than 
Cement  B, 


Tofaeepaff  355.      Huti.f.H,  "  Portland  Cenienl." 


Use  of  Portland  Cement  355 

"Breeze  Sample  No.  IX. — Described  as  'Sample  of 
Ashes  dropped  from  the  Firebars  of  Furnace  from  Water- 
works, from  Coal  and  Coke.'  This  sample  was  nearly  all  fine 
material,  42^  per  cent,  passing  through  a  yV^i^cI^  sieve,  and 
31  per  cent,  through  a  J-inch  sieve.  Of  the  26J  per  cent 
of  material  remaining  on  a  J-inch  sieve,  8*3  per  cent,  was 
clinkers,  7*3  per  cent,  coke,  7*48  per  cent  coal,  with  a  little 
ash  and  a  few  stones ;  the  water  test  bars  from  all  the 
fractions  showed  enormous  expansion,  the  J-inch,  ^^^-inch, 
and  the  average,  expanding  4  or  5  per  cent  within  the 
first  three  or  four  days,  and  subsequently  swelling  so  much 
as  to  break,  and  render  further  measurements  impossible. 
Photographs  of  the  latter  three  bars  are  shown  in  figs.  107, 
108,  and  109.  For  comparison  a  sound  bar  is  given  in  fig. 
.1 10.  The  coal  fraction  expanded  3  per  cent  within  a  week, 
increasing  to  4  per  cent  in  twenty-eight  days,  after  which  it 
appeared  to  remain  practically  constant  Several  of  the  air 
specimens,  more  especially  of  the  fine  material  passing  the 
yV^^ch  sieve,  showed  rapid  expansion  for  the  first  day  or 
two,  and  then  remained  practically  constant,  with,  if  any- 
thing, slight  subsequent  contraction.  The  results  obtained 
with  the  two  different  cements  were  practically  identical,  and 
corroborated  one  another  fairly  closely.  The  special  value 
of  the  results  obtained  with  this  particular  sample  of  breeze 
was,  that  it  showed  very  clearly  that  some  kinds  of  ashes 
and  furnace  refuse  are  even  more  dangerous  than  coal. 

"  Breeze  Sample  No.  X. — Described  as  '  Rough  Ashes 
from  Furnace  of  Electricity  Works  from  Coal  only.' 
About  I4i  per  cent,  of  this  material  passed  through  a  ^- 
inch  sieve,  and  30  per  cent  through  a  J-inch.  Of  the 
remaining  55^  per  cent,  43^  per  cent  was  clinkers,  5 J  per 
cent  coke,  4^  per  cent,  coal,  and  a  few  stones.  The  results 
showed  that  only  the  finer  material  passing  a  xV^i^cl^  sieve 
developed  any  appreciable  expansion,  i.e.  about  J  per  cent, 
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which  it  attained  in  about  a  month,  and  thereafter  appeared 
to  be  constant.  Several  of  the  other  fractions  showed 
measurable  though  negligible  expansion,  ranging  from  "002 
to  -og  per  cent. 

"  A  noticeable  feature  of  the  foregoing  experiments  was, 
that  many  of  the  specimens  which  showed  very  marked 
expansion  when  placed  under  water  as  soon  as  set, 
expanded  very  much  less  when  left  entirely  in  air.  It 
therefore  seemed  a  point  worth  determining,  as  to  whether 
exposure  to  damp  or  moisture  would  in  any  way  affect 
these  air-set  specimens  at  the  end  of  three  months'  tests, 
i.e.  after  they  had  become  thoroughly  seasoned.  One  of 
the  duplicate  air  bars  from  each  series  was  therefore  placed 
under  water,  the  time  elapsing  between  the  date  of  mould- 
ing and  placing  under  water  ranging  from  91  to  292  days. 
The  results  showed  that  immersion  had  practically  no 
effect  upon  those  specimens  which  had  previously  shown 
no  expansion  when  kept  under  water,  but  that  it  caused 
almost  immediate  expansion,  of  a  very  serious  nature,  with 
those  fractions  of  breeze  which  had  previously  developed 
expansion  when  placed  under  water  in  the  first  instance. 
This  clearly  showed  that  the  expansive  agent,  whatever  it 
might  be,  was  more  or  less  dormant  in  the  dry  air-set 
block,  and  only  required  to  become  damped  to  constitute 
a  serious  element  of  danger. 

"  Referring  now  to  the  chemical  aspect  of  the  question,  it 
was  intended  when  the  experiments  were  first  commenced, 
not  only  to  analyse  each  fraction  of  each  sample,  to 
ascertain  if  it  contained  any  deleterious  constituent,  but 
also  to  analyse  each  mortar  both  immediately  after 
gauging  and  again  at  the  end  of  the  experiments,  to  try 
and  ascertain,  if  and  when  any  expansion  had  occurred, 
whether  there  was  any  marked  chemical  difference  between 
them  which  would  enable  the  cause  of  the  expansion  to 
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be  detected,  and  thus  serve  as  a  guide  in  the  investigation 
of  actual  cases  of  failure.  After  analysing  some  thirty-six 
samples  with  entirely  negative  results,  this  idea  was 
abandoned  as  involving  too  prodigious  an  amount  of 
labour,  without  any  likelihood  of  corresponding  reward; 
seeing,  however,  that  some  of  the  coal  fractions  caused 
enormous  expansion,  while  others  caused  practically  none, 
they  were  examined  chemically  with  the  view  of  ascertain- 
ing the  cause  of  this  marked  difference.  The  results 
showed  that  the  coals  from  Breeze  Samples  Nos.  VIII.  and 
IX.  were  highly  bituminous,  containing  35  per  cent  and  33J 
per  cent,  respectively  of  volatile  matter,  while  those  from 
Samples  Nos.  VII.  and  X  were  more  of  the  nature  of  anthra- 
cite, containing  only  4  per  cent,  and  3  per  cent,  respectively 
of  volatile  matter.  This  indicated  very  clearly  that 
bituminous  coal  was  highly  dangerous,  while  anthracite 
appeared  to  be  harmless.  Apart  from  coal,  the  only 
analysis  of  the  other  fractions  calling  for  comment  was  the 
fine  material  passing  the  ^^-inch  sieve  o£  Sample  IX.,  which 
was  found  to  contain  3f  per  cent,  of  SOg  and  was  doubt- 
less partially  responsible  for  the  high  expansion  shown 
by  this  fraction,  aggravated  no  doubt  by  the  presence  of 
some  fine  coal. 

"  Taken  as  a  whole,  the  experiments,  as  far  as  they  go, 
seemed  to  point  to  the  fact  that,  as  regards  subsequent 
expansion,  there  was  not  much  danger  to  be  apprehended 
from  good  clean  coke  or  clinkers,  or  even  anthracite  coal, 
but  that  some  kinds  of  ashes  and  furnace  refuse  were 
highly  dangerous,  while  any  considerable  quantity  of 
bituminous  coal  was  absolutely  fatal.  One  noticeable 
feature  of  the  experiments,  however,  was,  that  most  of  the 
coke  breeze  mortars  had  a  tendency  to  more  or  less 
seriously  attack  the  iron  moulds  in  which  the  Bauschinger 
Bars  were  made,  causing  them  to  rust  during  the  short 
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space  of  twenty-four  hours  between  the  moulding  of  the 
specimens  and  their  removal  from  the  moulds ;  the  author 
is  unaware  if  such  results  have  been  found  to  any  appreci- 
able extent  in  actual  practice,  but  samples  of  breeze  con- 
crete sent  him  for  examination  a  short  time  ago,  showed 
distinct  marks  of  considerable  rusting  having  taken  place 
where  the  concrete  had  been  in  contact  with  the  rolled 
joists.  If  such  prove  to  be  the  case,  it  might  in  the  end 
prove  a  very  serious  matter,  as  affecting  the  life  and 
strength  of  the  steel  work. 

"Altogether  the  experiments  previously  described  repre- 
sented some  two  years'  work,  and  included  the  preparation 
of  about  300  test  pieces  involving  some  5000  measure- 
ments, to  say  nothing  of  the  sifting,  sorting,  and  preparation 
of  the  breeze  samples  ;  the  author  is  only  too  conscious  of 
the  fact  that  they  are  far  from  reaching  finality;  indeed, 
they  only  touch  the  fringe  of  a  wide  field  of  research,  in 
which  there  is  a  vast  amount  of  work  to  be  done;  having 
ascertained,  however,  that  certain  materials  constitute  a 
serious  source  of  danger,  and  probably  account  for  many 
of  the  'Breeze'  concrete  failures  which  he  has  met  with, 
he  trusts  that  the  danger  signals  most  unmistakably  dis- 
played by  the  foregoing  researches,  may  tend  to  prevent 
the  recurrence  of  such  failures  in  the  future." 

For  water-tight  concrete,  it  is  important  that  the  size  of 
the  aggregates  should  be  so  proportioned,  that  the  whole 
of  the  interstitial  space  between  them  is  filled  up  with  the 
sand  and  cement  mortar,  for,  obviously,  the  more  porous 
the  concrete,  the  less  likely  it  is  to  prove  water-tight  The 
usual  method  of  ascertaining  the  interstitial  space  of  any 
given  aggregate,  is  to  fill  a  box  of  given  capacity  with 
it,  pour  in  water  until  level  with  the  top,  and  then  draw 
olT  and  measure  the  water  necessary  to  fill  the  spaces. 
Recent  experiments  by  the  author  in  this  direction,  with 
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crushed    limestone  of  various  sizes,  gave   the  following 
results : — 

Interstitial  space 
per  cent. 

Passed  3-in.  ring  and  retained  on  ij-in.  ring       51 '3 2 
ij-in.        „  „  f-in.    „         48*54 

f-in.         „  „  f-in.    „         43-61 


It 


When  the  stone  was  crushed  in  an  ordinary  Blake  stone 
breaker,  the  average  quantity  of  the  largest  size  was  found 
to  be  24*529  per  cent,  of  the  medium  size  45*858  per 
cent,  and  of  the  smallest  size  18*893  P^^  cent,  the  re- 
maining 10*72  per  cent  consisting  of  fine  crushings  and 
dust.  Taking  the  average  of  the  three  sizes  so  as  to  be  on 
the  safe  side,  the  interstitial  space  is  47*8  per  cent,  which 
means  that,  in  order  to  fill  the  interstices  of  crushed  stone 
of  such  size,  47*8  per  cent,  of  its  bulk  of  mortar  would  be 
required.  Allowing,  according  to  Mr  Sandeman,^  another 
10  per  cent,  so  as  to  ensure  each  piece  of  stone  being  sur- 
rounded with  mortar,  the  amount  required  would  be  57*8 
per  cent  According  to  the  same  authority,  the  volume  of 
dry  sand  and  cement  necessary  to  produce  a  given  volume 
of  cement  mortar  is  about  \  greater  than  the  volume  of 

mortar  when  set     Therefore  57-8  +  ^^^  =  77  per  cent  of 

its  volume  of  dry  cement  and  sand  would  be  necessary  in 
order  to  produce  a  water-tight  concrete  with  these  materials. 
It  is  hardly  necessary  to  add  that  the  strength  of  the 
mortar  governs  the  strength  of  the  concrete,  and  therefore 
the  less  sand  used,  the  stronger  will  be  the  concrete, 
provided  suflficient  mortar  is  used  to  fill  the  interstices. 
With  cement  of  ordinary  fineness,  Mr  Sandeman  advocates 
not  more  than  2  of  sand  to  i  of  cement;  therefore  the 
above  JJ  per  cent,  of  dry  cement  and  sand  should  consist 
of  51*3  per  cent  of  sand  and  257  per  cent  of  cement. 

'  Proceedings ^  Inst,  Civil  Engineers^  vol.  cxxi,  p.  219. 
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With  the  materials  before  mentioned  this  would  give  a 
proportion  of  100,  5r3,  and  257,  or  approximately  4  of 
broken  stone,  2  of  sand,  and  i  of  cement.  In  this  way  the 
most  economical  proportions  of  any  given  materials,  com- 
patible with  strength,  may  be  ascertained,  and  it  is  hardly 
necessary  to  add  that,  once  the  correct  proportions  have 
been  ascertained,  the  quantity  of  each  should  be  carefully 
measured  in  suitable  gauges  provided  for  that  purpose. 

The  amount  of  water  to  be  used  in  mixing  concrete 
depends  entirely  upon  circumstances,  and  no  hard-and-fast 
rule  can  be  laid  down  on  this  point.  As  a  general  rule, 
however,  excess  of  water  is  preferable  to  an  insufficiency. 
Following  out  the  teaching  of  testing-room  experience, 
the  minimum  of  water  gives  the  best  results,  but  of  course 
the  conditions  which  exist  on  the  works  and  those  which 
obtain  in  the  testing  room  are  often  widely  different.  For 
instance,  in  the  testing  room,  a  non-porous  mould  on  a 
non-porous  bed  is  used,  and  great  care  is  taken  that  none 
of  the  water  used  for  gauging  is  abstracted  from  the 
cement  by  any  external  agencies.  In  actual  work  the 
concrete  may  have  to  be  laid  in  a  trench  on  a  porous  soil, 
through  which  some  of  the  water  would  soak  away,  or  the 
aggregate  may  be  of  a  porous  nature,  and  thus  again  some 
of  the  water  required  by  the  cement  would  be  extracted. 
Further,  the  less  water  used,  the  quicker  the  cement  would 
set,  and  if  a  quick-setting  cement  was  being  employed, 
there  might  be  some  danger  of  the  paucity  of  water  render- 
ing it  too  quick  setting  to  be  thoroughly  and  properly 
manipulated.  Where,  however,  none  of  these  conditions 
prevail,  and  there  is  no  fear  of  any  of  the  water  being 
absorbed  by  extraneous  means,  there  is  no  doubt  that  the 
minimum  of  water  gives  the  best  results.  That  point  is 
reached  when,  by  ramming  and  punning  the  mass,  the 
water  just  shows  on  the  surface,  indicating    that   exactly 
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sufficient  has  been  used  to  lubricate,  so  to  speak,  the  con- 
stituents of  the  concrete,  and  enable  them  to  flux  down 
together  into  a  compact  mass.  If  more  than  this  amount 
is  used,  it  will  be  impossible  to  obtain  such  a  solid  concrete, 
owing  to  the  space  occupied  by  the  excess  of  incompressible 
water,  while,  on  the  other  hand,  if  less  is  used,  the  mass 
will  not  flux  properly,  and  will  thus  be  rendered  porous. 
Of  the  two  extremes,  an  excess  of  water  is  preferable,  as 
less  likely  to  lead  to  dangerous  consequences. 

A  matter  that  is  scarcely  recognised  sufficiently  among 
users  of  cement,  is  the  effect  of  temperature  and  exposure 
to  weather  upon  the  setting  of  cement  concrete.  As  has 
been  pointed  out  in  a  previous  chapter,  the  setting  of 
cement  is  a  process  of  crystallisation,  and,  like  most  pro- 
cesses of  a  similar  character,  is  accelerated  by  heat  and 
retarded  by  cold.  In  very  cold  weather,  therefore,  the 
concrete  cannot  be  expected  to  set  so  rapidly  as  when 
exposed  to  a  higher  temperature,  and  vice  versd.  Several 
instances  of  dissatisfaction  through  want  of  recognition 
of  this  fact  have  occurred.  To  give  an  example,  a  short 
time  back,  some  concrete  forming  the  foundation  for  wood 
paving  was  laid  during  a  cold  snap  in  October.  Of  course, 
under  these  conditions,  it  did  not  set  so  rapidly  as  during 
the  milder  weather  immediately  preceding,  and  the  result 
was,  that  as  the  roadway  was  urgently  wanted  for  the 
purposes  of  traffic,  the  concrete  was  condemned,  and  the 
whole  of  the  mass  had  to  be  pulled  up  and  laid  with  a 
quicker-setting  cement.  A  piece  of  the  condemned  con- 
crete, exposed  to  a  temperature  of  60°,  was  perfectly  hard 
set  in  a  couple  of  days.  In  addition  to  the  low  temperature 
prevailing  at  the  time,  there  was  also  rather  a  heavy  rain- 
fall, which  kept  the  work  continually  wet,  and,  as  cement 
sets  more  slowly  under  water  than  in  air,  this  tended  in  no 
small  degree  to  further  retard  the  hardening  of  the  concrete, 
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— a  fact  that  was  proved  by  those  portions  which  were  laid 
in  dry  weather,  being  considerably  harder  than  those  laid 
during  continual  rain. 

The  views  above  expressed  as  to  the  practical  effect 
of  temperature  upon  the  setting  of  cement  have  since 
been  amply  confirmed  by  Mr  A.  E.  Carey,  an  engineer 
of  wide  experience  with  cement  as  applied  to  breakwater 
and  harbour  work.  In  his  paper  on  "  Concrete  in  Relation 
to  Marine  Works,"  read  before  the  engineering  conference  of 
the  Institution  of  Civil  Engineers  in  May  1897,  he  says: — 

"  The  effect  of  a  low  sea  temperature  is  a  subject  which 
has  not  hitherto  received  the  notice  its  importance  merits. 
The  author  had  seven  winters'  experience  at  Newhaven, 
that  of  1880-81  being  unusually  severe;  but  in  carrying 
on  the  harbour  works  now  in  progress  at  Hastings  (only 
about  25  miles  distant)  the  experience  of  last  winter 
raised  novel  issues  in  this  particular.  The  breakwaters  at 
Hastings  are  being  wholly  constructed  in  mass  concrete, 
and,  commencing  in  October  last,  the  setting  became  so 
extremely  slow,  that  work  on  the  foundation  reef  was  liable 
to  be  ploughed  up  by  a  moderate  sea,  sometimes  days  after 
deposit.  The  specification  is  a  severe  one,  and  the  greatest 
care  was  taken  in  testing.  Up  to  this  time  nothing  of  the 
kind  had  occurred,  and  the  season  was  open  and  normal. 
Cubes  of  concrete  were  then  made  with,  and  immersed  in, 
sea  water  in  the  open,  the  cement  being  taken  from  five  of 
the  best  makers.  All  gave  pretty  much  the  same  results, 
the  cement  failing  to  set  for  days.  The  retardation  of  the 
setting  was  ultimately  clearly  traced  to  the  extremely  low 
temperature  of  the  sea,  due,  doubtless,  to  the  predominance 
of  cold  currents  flowing  down  from  the  North  Sea.  The 
sea  temperature  varied  in  January  last  from  37**  F.  to  38**  F.; 
February  375°  F.  to  40°  F. ;  March  31-5°  F.  to  43°  F.,  and 
in  April  43°  F.  to  49°  F. 
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"  At  Newhaven  probably  the  warmer  currents  from  the 
Atlantic  set  up  a  different  set  of  winter  conditions.  Obser- 
vations of  the  sea  temperature,  as  long  continued  as  possible, 
and  some  elasticity  in  the  specification,  are  two-  important 
matters  where  extreme  seasonal  variations  may  obtain.  A 
very  heavily  burned  cement  is  unsuited  to  winter  work 
under  rigorous  conditions  of  temperature." 

Of  course  in  this  instance  the  setting  would  be  still 
further  retarded  by  the  salts  in  the  sea  water,  for,  as  pre- 
viously mentioned,  Portland  Cement  sets  much  slower  in 
sea-  water  than  in  fresh,  though  its  ultimate  strength  is 
quite  as  great,  or  greater. 

If  a  freshly  gauged  concrete  is  exposed  to  frost  while 
it  still  contains  uncombined  water,  the  natural  consequence 
is  that  the  water  freezes  and  expands,  and  causes  the  dis- 
integration of  the  mass.  The  author  once  had  occasion 
to  investigate  a  case  of  failure  of  this  sort,  in  which  freezing 
was  undoubtedly  the  cause  of  the  mischief,  as  when  the 
frost  broke,  exactly  the  same  materials  were  used  for  the 
work,  with  perfectly  satisfactory  results.  A  correspondent, 
writing  on  this  subject  from  Ontario,  remarks :  "  I  have 
successfully  built  works  of  Portland  Cement  concrete  and 
mortar  in  this  climate  in  the  middle  of  winter,  the  ther- 
mometer ranging  from  +  39°  to  —  20°  R,  and  the  work  is 
in  excellent  shape.  I  used  hot  water  to  the  heated  sand 
and  added  a  lot  of  salt ;  the  water  was  practically  hot 
brine.  In  the  following  spring,  and  for  some  years  after- 
wards, a  white  efflorescence  appeared,  but  its  only  effect 
is  to  appear  somewhat  unsightly."  In  England,  of  course, 
we  do  not  experience  such  extremes  of  temperature  as 
those  above  described ;  but  it  is  the  general  rule  to  protect 
newly  laid  concrete  or  mortar  from  the  effects  of  frost,  and 
during  very  severe  weather  to  discontinue  work  altogether. 
The  use  of  a  large  quantity  of  salt,  as  above  described. 
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would  have  the  double  effect  of  retarding  the  setting  of  the 
cement  and  preventing  the  freezing  of  the  water,  and  it  is 
only  to  be  expected  that  its  presence  would  cause  a  con- 
siderable efflorescence  on  the  face  of  the  work. 

Judging  from  the  advertisements  to  be  seen  in  American 
technical  journals,  very  elaborate  methods  are  adopted 
across  the  Atlantic  to  avoid  the  delays  consequent  upon 
stoppage  of  work  during  severe  weather.  Machines  of 
various  types  are  devised  for  heating  the  aggregate  before 
mixing  with  the  cement,  and  in  the  case  of  concrete  build- 
ings of  considerable  size,  the  freshly  laid  material  is  pro- 
tected from  the  effects  of  frost  by  practically  covering  it  in 
with  large  sheets  of  textile  fabric,  and  accelerating  the  hard- 
ening process  by  injecting  steam  at  various  points,  so  as  to 
practically  subject  the  concrete  to  a  warm  vapour  bath. 

A  high  atmospheric  temperature,  on  the  other  hand, 
greatly  accelerates  the  setting  of  cement,  and  allowances 
should  therefore  be  made  in  this  respect  during  very  hot 
weather  or  in  tropical  climates.  It  is  hardly  necessary  to 
add  that  if  cement  work  is  exposed  to  a  hot  summer  sun, 
especially  in  very  thin  coats,  such  as  external  wall  plaster- 
ing, there  is  great  danger  of  the  water  necessary  for  the 
proper  setting  and  hardening  of  the  cement  being  evapor- 
ated, and  unsatisfactory  results  ensuing.  In  work  of  this 
sort,  it  is  absolutely  essential  that  the  wall  or  surface  to  be 
plastered  should  be  thoroughly  wetted  before  the  plaster 
is  applied,  otherwise  the  water  necessary  for  the  proper 
hardening  of  the  cement  will,  be  extracted,  and  unsatisfac- 
tory work  will  result. 

Another  frequent  cause  of  indifferent  work  is  insufficient 
attention  to  the  setting  properties  of  the  cement  under 
treatment.  As  has  been  pointed  out  previously,  the  setting 
of  cement  is  a  crystallising  process,  and  when  the  crystals 
commence  to  interlock,  the  fluidity  or  mobility  of  the  mass 
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is  arrested.  With  quick-setting  cements  especially,  this 
period  is  very  marked,  and  it  is  very  evident  that  if  a 
concrete  or  mortar  is  manipulated  and  worked  after  this 
stage  has  been  reached,  the  bedding  or  interlocking  of  the 
crystals  will  be  broken  up,  and  the  strength  of  the  mass 
materially  weakened,  the  damage  done  depending  on  the 
setting  properties  of  the  cement,  and  on  how  far  setting 
has  progressed  before  it  is  finally  left  at  rest. 

In  a  paper  read  before  the  Institution  of  Civil  Engineers, 
in  1887,  on  "Concrete  Work  Under  Water," ^  the  late  Mr 
W.  R.  Kinniple  advocated  the  use  of  what  he  termed 
"  plastic  concrete "  for  such  work.  This  plastic  concrete 
was  prepared  by  mixing  the  concrete  on  shore,  and  allow- 
ing it  to  partially  set  before  depositing  it  under  water,  by 
which  means  it  was  claimed  that,  in  places  where  a  current 
existed,  there  was  less  chance  of  the  cement  being  washed 
away  from  the  aggregate.  Mr  Kinniple  also  claimed  that 
by  this  means  the  cement  lost  but  little  of  its  original 
strength,  and  by  adopting  this  method,  the  excessive  pro- 
portion of  cement  otherwise  required  to  allow  for  that 
washed  away,  was  avoided.  Experiments  were  quoted 
showing  "that  3^  to  i  concrete,  after  setting  out  of  water 
for  eighteen  hours,  and  then  rammed  into  moulds,  will 
form  a  monolithic  mass  when  afterwards  placed  in  water ; 
but  that  the  strength  of  this  mass  will  very  much  depend 
upon  the  time  allowed  for  setting  before  deposition.  If 
only  eight  hours  elapse  between  mixing  and  deposition, 
there  is  practically  no  reduction  in  strength;  but  with  a 
longer  interval  the  strength  is  gradually  reduced,  until  at 
about  eighteen  hours  it  is  little  more  than  half."  It  is 
needless  to  remark  that  the  setting  properties  of  the  cement 
would  entirely  govern  the  time  allowed  to  set  before  de- 
position;  a  moderately  quick-setting  cement,  such  as  is 

*  Minutes  of  Proceedings  Inst,  C.£.,  vol.  Ixxvii.  pp.  65,  etc. 


oilen  used  now  for  sea-water  work,  would  be  absolutely 
ruined  if  broken  up  after  being  allowed  to  set  for  eight 
hours,  while  a  very  slow-setting  one  might  be  left  for 
eighteen  hours  without  detriment,  especially  in  cold  weather, 
when  the  setting  would  be  still  further  retarded  by  low 
temperature. 

This  subject  was  subsequently  dealt  with  in  a  paper  by 
the  late  Henry  Faija,  "  On  the  Effect  of  Sea  Water  on  Port- 
land Cement." '  He  preferred  to  designate  Mr  Kinniple's 
concrete  as  "  reset "  concrete  instead  of  plastic  concrete. 
He  stated  that  a  "  reset "  concrete,  to  be  of  value,  must  be 
made  with  a  slow-setting  cement,  and  it  must  be  broken 
up  and  placed  or  rammed  in  situ  at  a  particular  period 
during  its  progress  of  setting.  If  this  is  delayed  too  long, 
the  "  reset"  concrete  will  never  attain  that  hardness  which 
it  would  under  proper  conditions.  His  experience  of  reset 
cements  was  that  the  breaking  up  of  the  mass  and  the  re- 
gauging  should  be  done  at  the  moment  when,  by  ramming, 
the  original  water  of  gauging  can  be  brought  to  the  surface, 
and  that  if  that  time  was  exceeded,  and  the  concrete, 
after  being  broken  up  and  rammed,  remained  dry,  then  the 
result  obtained  was  not  satisfactory,  and  the  cement  in  this 
condition  would  undoubtedly  be  subject  to  the  dissolving 
action  of  the  sea  on  the  lime.  The  following  experiments 
made  by  him  with  "  reset "  cements  confirmed  that  view : — 

No.  r. — A  Cement  that  Set  in  One  Hour,  Neat  Cement. 
(Second  gauging,  forty-five  minutes  after  the  first.) 


Tensile  Strength  ai 

7  Days. 

a8  Days. 

3  Months.  1  6  Monlhs. 

9  Monlhs. 

First  gauging     . 
Second  gauging . 

lbs. 
48a 
414 

lb. 
550 

'  Socitty  ej  Engiimn,  18S8. 
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No.  2.* — A  Cement  that  Set  in  Two  Hours,  Neat 

Cement. 
(Second  gauging,  twenty  minutes  after  the  first.) 


Tensile  Strength  at 

7  Days. 

28  Days. 

3  Months. 

6  Months. 

9  Months. 

First  gauging 
Second  gauging . 

lbs. 
578 

t46S 

lbs. 
682 

1568 

•  •  • 
«  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

No.  3. — ^The  Same  Cement  Gauged  with  Three  Parts 

of  Standard  Sand. 

(Second  gauging,  forty-five  minutes  after  the  first.) 


Tensile  Strength  at 

7  Days. 

28  Days. 

3  Months. 

6  Months. 

9  Months. 

First  gauging 
Second  gauging . 

lbs. 

•  •  • 

•  •  • 

lbs.      * 
280 

tl52 

lbs. 
284 

ti33 

•  •  • 

•  •  • 

«  •  • 

•    •    V 

No.  4 — A  Cement  that  Set  in  Forty  Minutes,  Neat 

Cement. 

(Second  gauging,  twenty  minutes  after  the  first.) 


Tensile  Strength  at 

7  Days. 

38  Days. 

3  Months. 

6  Months. 

9  Months. 

First  gauging 
Second  gauging . 

lbs. 

•  ■  • 

•  »  • 

lbs. 
586 

I648 

lbs. 
666 

11^ 

lbs. 
620 

547 

lbs. 
738 

602 

*  This  is  a  cement  adulterated  with  slag. 

t  On  the  second  gauging  of  these  the  water  or  moisture  could  not  be  brought 
to  the  surface  of  the  briquettes,  showing  that  the  setting  had  proceeded  too  far 
for  the  best  results  to  be  obtained  on  the  re-gauging. 

X  This  cement  had  become  considerably  slower  setting,  and  consequently 
these  briquettes  were  not  so  dry  as  those  re-gauged  for  the  three,  six,  and  nine 
months. 
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No.  5. — The  Same  Cement  Gauged  with  Three  Parts 

OF  Standard  Sand. 

(Second  gauging,  thirty  minutes  after  the  first.) 


Tensile  Strength  at 

First  gauging 
Second  gauging . 


7  Days. 

28  Days. 

3  Months. 

6  Months. 

lbs. 

lbs. 

lbs. 

lbs. 

•  •  ■ 

242 

304 

331 

•  •  • 

*222 

202 

143 

9  Months. 


No.  6. — A  Cement  that  Set  in  Four  Hours.  Neat 

Cement 

r 

(Second  gauging,  two  hours  after  the  first.) 


Tensile  Strength  at 

7  Days. 

28  Days. 

3  Months. 

6  Months. 

9  Months. 

First  gauging 
Second  gauging . 

lbs. 

•  •  • 

•  •  • 

lbs. 
657 

658 

lbs. 
763 

698 

lbs. 
775 

757 

lbs. 
784 

811 

No.  7. — The  Same  Cement  Gauged  with  Three  Parts 

OF  Standard  Sand. 

(Second  gauging,  two  and  a  half  hours  after  the  first.) 


Tensile  Strength  at 

7  Days. 

28  Days. 

3  Months. 

6  Months. 

9  Months. 

First  gauging 
Second  gauging . 

lbs. 

•  •  • 

■  •  ■ 

lbs. 
264 

230 

lbs. 
320 

329 

lbs. 
321 

322 

lbs. 

•  •  • 

•  •  • 

*  This  cement  had  become  considerably  slower  setting,  and  consequently 
these  briquettes  were  not  so  dry  as  those  re-gauged  for  the  three,  six,  and  nine 
months. 


S.— A  Ckhent  that  was  Two  Years  Old  and  took 
Twenty-four  Hours  to  Set,  Neat  Cement. 
(Second  gauging,  eighteen  hours  after  the  first ) 


Tnuile  Stcenglh  at 

7  Days. 

38  Days. 

3  Months. 

6  Month!. 

9  Months. 

First  gaining      . 
Second  gauging . 

lbs. 
3»6 

lbs. 
4S3 

479 

No.  9, — A  Cement  that  took  Six  Hours  to  Set,  Neat 
Cement. 

(Second  gauging,  one  hour  after  the  first.) 


Tensile  Slieogth  at 

7  Days. 

28  Days. 

3  Months. 

6  Months. 

9  Months. 

First  gauging      . 
Second  gauging . 

lbs. 
477 

467 

lbs. 
S*9 

"  The  noticeable  feature  in  the  foregoing  tests  is  that 
when  a  quick -setting  cement  is  used,  the  'reset'  cement 
always  shows  a  very  considerable  diminution  in  strength, 
whereas  in  the  slow-setting  ones  the  loss  is  not  so  great, 
and  in  the  one  instance,  No.  8,  when  the  cement  took 
twenty-four  hours  to  set,  the  re-gauging  of  the  cement 
actually  increased  its  tensile  strength.  The  whole  of  the 
results  given  represent  the  average  of  five  briquettes  in 
each  instance,  so  that  they  may  be  considered  to  fairly 
represent  the  value  of '  re-gauged '  cement." 

Mr  Smith  in  "  Correspondence   on  Concrete  Work  for 


Harbours,"' expresses  an  opinion  which  entirely  confirms 
the  foregoing  views.  He  says :  "  The  final  setting  de- 
pended upon  there  being  no  addition  made  to  the 
quantity  of  water  absorbed  in  deposit.  When  the  partly 
set  concrete  was  not  thoroughly  pulverised  and  refiuxed 
by  the  water  in  deposit,  the  mass  remained  porous,  and 
the  water  disintegrated  the  cement  and  prevented  it 
from  setting." 

Personally,  the  author  is  of  opinion  that  any  such 
tampering  with  the  setting  properties  of  cement  is  treading 
on  dangerous  ground.  It  has  been  shown  by  the  foregoing 
quotation  that,  to  obtain  the  best  results,  partially  set  cement 
must  be  broken  up  and  re-gauged  at  a  certain  not  very 
clearly  defined  period  during  the  process  of  setting,  and  if 
that  period  is  exceeded,  great  loss  of  strength  results.  For 
such  purposes  as  those  described  by  Mr  Kinniple,  it  may 
be  economical  to  use  cement  in  the  manner  which  he  advo- 
cates, but,  more  especially  in  marine  construction,  such  a 
method  affords  an  excellent  opening  for  attack  by  the  sea 
water  ;  it  is  not  at  all  unlikely  that  the  use  of  this  "  reset " 
concrete,  intentional  or  otherwise,  is  responsible  for  the 
failures  in  sea-water  work  which  have  occurred — very 
occasionally,  it  is  true — but  still  have  occurred  on  our 
coasts. 

To  guard  against  the  possibility  of  the  cement  being 
manipulated  after  setting  has  commenced,  or,  as  it  is  gene- 
rally termed, "  killed,"  it  is  advisable  for  the  clerk  of  works, 
or  person  in  charge  of  the  work,  to  occasionally  gauge  up 
a  small  pat  of  the  cement  to  be  used,  taking  care  that 
the  conditions  of  temperature  and  exposure  are  the  same 
as  in  the  actual  work,  and,  noting  any  peculiarities  in 
its  setting  properties,  to  take  precautions  accordingly.  A 
'  Miimlts  of  Proceeding!  of  the  Inslilutian  of  Civil  Engineers,  vol.  liixvii. 


cement  that  would  allow  a  comfortable  time  for  manipula- 
tion under  ordinary  climatic  conditions,  would  be  absolutely 
ruined  if  worked  for  the  same  length  of  time  in  very  hot 
weather,  such  as  often  occurs  during  the  summer  months, 
or  in  tropical  climates.  In  such  cases,  the  only  course  open 
to  the  user  is  either  to  further  aerate  the  cement,  so  as  to 
render  it  slower  setting,  or  to  mix  the  concrete  in  small 
quantities,  and  see  that  it  is  in  its  allotted  position  before 
setting  commences. 

The  effect  of  sea  water  on  Portland  Cement  is  a  question 
which,  some  few  years  ago,  caused  a  considerable  amount 
of  anxiety  among  engineers  and  others  who  were  using  it 
under  those  conditions.  The  failures  at  Aberdeen  Harbour 
in  1 887,  and  the  subsequent  reports  of  Mr  Smith,  the  harbour 
engineer,  in  conjunction  with  Professor  Brazier,  of  Aberdeen 
University,  went  to  show  that  the  action  of  sea  water  had  a 
decomposing  effect  upon  cement,  and  in  this  opinion  they 
were  supported  by  the  late  Mr  Philip  Messent,  engineer 
to  the  Tyne  Commissioners.  After  a  considerable  amount 
of  chemical  and  physical  research  by  these  gentlemen,  the 
failures  in  question  were  attributed  solely  to  the  destructive 
action  of  the  sea  water  upon  the  cement.  It  was,  however, 
afterwards  conclusively  shown,  that  there  was  some  reason 
to  doubt  both  the  quality  of  the  cement  used  and  also  the 
method  of  using  it,  the  concrete  which  failed  being  of  such 
a  porous  nature  that  the  water  could  percolate  rather  freely 
through  it.  The  point  upon  which  most  stress  was  laid  in 
the  report  of  the  before-mentioned  experts,  was  the  amount 
of  magnesia  found  in  the  decomposed  cement  taken  from 
the  dock  walls.  Professor  Brazier  attributed  this  to  the  sea 
water  dissolving  the  lime  out  of  the  cement,  and  the  solu- 
tion of  lime  thus  formed  immediately  precipitating  the 
magnesia  contained  in  the  sea  water.  In  order  to  cor- 
roborate his  views  as  to  the  destructive  action  of  sea  water 
2  B  2 


upon  cement,  he  digested  cement  in  a  powdered  state  with 
sea  water,  with  constant  stirring  to  prevent  its  setting,  and 
found  that  a  certain  amount  of  the  lime  was  dissolved  out 
of  it,  and  a  quantity  of  magnesia  deposited.  As  was 
shown  by  Faija  in  a  paper  on  the  subject  read  before  the 
Society  of  Engineers  in  1888,  the  results  obtained  by  this 
treatment  were  scarcely  conclusive,  for  it  does  not  follow 
that,  because  sea  water  decomposes  cement  when  digested 
in  a  powdered  unset  condition,  it  will  attack  it  in  the  same 
way  after  it  has  been  allowed  to  set  and  harden  properly 
in  large  masses.  It  is  well  known  that  cement  will  set 
and  harden  equally  well  in  sea  water  as  in  fresh  water, 
although  sea  water  retards  its  setting.  The  following 
figures,  taken  from  the  above-mentioned  paper,  may  be 
instanced  as  showing  the  comparative  effect  of  sea  water 
and  fresh  water  upon  the  setting  and  tensile  strength  of 
Portland  Cement. 

"  Four  briquettes  were  made,  two  gauged  with  sea  water 
and  two  gauged  with  fresh  water. 

No.  I  gauged  with  fresh  water,  set  in  fresh  water  in  3  hours. 
„    2  .1  »  11     air  'i    .. 

,,    3  „  sea  water,         „      sea  water  4      „ 

»    4  n  ..  ..      air  2      „ 

"  These  having  been  left  respectively  in  sea  water  and 
fresh  water  for  twenty-eight  days,  were  tested  for  tensile 
strength  with  the  following  results: — 

No.  I  broke  at        .         .        .         595  lbs. 
,.     a        „  540    „ 

..    3        »  ...  690    „ 

„    4        „  ...  650    „ 

"  Several  briquettes  were  gauged  with  sea  and  fresh 
water  and  tested  with  the  following  results,  each  test  repre- 
senting the  average  of  five  briquettes." 


Tensile  SWenglh 
at  — D«y»  after 

Gauging. 

Gauged  with  Fiesh 

Water  and  placed, 

in  Fresh  iSater 

34  Hours  after 

Gaugbg. 

Gauged  with  Ftesh 

Water  and  placed 

ID  Sea  Water 

34  Hours  after 

Gauging. 

Ganged  with  Sea 

Water  and  placed 

in  Sea  Water 

34  Hours  after 

Ganging. 

3  days 
7     » 
28      „ 

36s  lbs. 
434    ., 
506    .. 

407  lbs. 
484   ., 
S6o    „ 

353  lbs. 
429    .. 
566    „ 

The  main  fault  of  the  defective  concrete  at  Aberdeen, 
apart  from  the  action  of  the  salt  water  upon  it,  seems  to  have 
been  excess  of  sand,  and  its  consequent  extreme  porosity. 
One  speaker  who  had  seen  the  work  in  course  of  construc- 
tion, remarked  that  it  was  nothing  more  nor  less  than  a  huge 
filter.  Of  course,  under  these  conditions,  the  concrete  being 
of  such  a  weak,  porous  nature,  the  water  could  pass  freely 
through  it  and  dissolve  out  the  lime  of  the  cement,  at 
the  same  time  precipitating  and  depositing  the  magnesia, 
the  presence  of  which  led  to  so  much  apprehension.  A 
series  of  experiments  on  the  forced  percolation  of  sea  water 
through  concrete,^  by  Faija,  showed  that  if  the  mass  was 
only  moderately  porous,  the  percolation  of  water  through 
it  had  no  ill  effect,  and  moreover  after  a  time  entirely 
ceased,  owing  to  the  pores  being  blocked  up  by  the  depo- 
sition before  mentioned.  Comparative  tests  made  with 
briquettes  treated  in  the  ordinary  way,  and  those  which  had 
been  subjected  to  forced  percolation  from  a  head  of  24  feet, 
gave  results  slightly  in  favour  of  the  latter. 

A  very  interesting  paper  on  the  effect  of  sea  water  upon 
hydraulic  cement  was  communicated  a  short  time  ago  to  the 
Institution  of  Civil  Engineers  by  Dr  Michaelis,  of  Berlin.* 
He  commences  by  stating  that  hydraulic  cements  rich  in 
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lime  contain  a  considerable  amount  of  unsaturated  or  un- 
combined  lime,  and  that  they  therefore  segregate  this  excess 
of  lime  during  the  setting  and  hardening  process  as  calcic 
hydrate,  with  the  consequence  that  the  set  cement  is  com- 
pletely permeated  with  crystals  of  calcic  hydrate.  An 
exhaustive  series  of  experiments  is  given,  showing  that 
ordinary  Portland  Cements  of  a  somewhat  fully  limed 
nature  are  decomposed  by  sea  water  and  the  salts  contained 
therein  ;  but  that  such  action  is  altogether  obviated,  and  the 
strength  of  the  mortar  under  all  conditions  immensely  in- 
creased, if  substances  containing  alumina  and  hydraulic 
silica,  such  as  trass  and  pozzuolana,  are  added  to  the  cement 
in  suf^cient  quantity  to  combine  with  the  lime  liberated 
during  setting.  He  says :  "  The  action  of  sea  water  upon 
hydraulic  cement  is  chiefly  a  chemical  one,  proceeding  from 
the  reaction  of  the  soluble  sulphates  in  the  sea  water  on 
the  free  lime,  or  that  becoming  free  in  the  course  of  the 
hardening  process,  on  the  ferrate  of  lime,  on  the  aluminate 
of  lime,  and  on  the  silicate  of  lime,  especially  such  of  these 
compounds  as  are  high  in  lime."  He  proposes  "to  go 
to  the  root  of  the  evil,  by  laying  hold  at  the  outset  of 
the  injurious  excess  of  lime,  and  converting  it  to  a  useful 
purpose ;  this  proposal  is  based  upon  the  fact  that  I  have 
long  upheld,  that  cllnkered  Portland  Cements,  too  high  in 
calcic  oxide  and  hydraulic  limes,  may — either  in  the  process 
of  manufacture  or  in  the  preparation  of  the  mortar — be 
improved,  and  more  especially  rendered  more  capable  of 
withstanding  the  decomposing  action  of  sea  water,  by 
means  of  such  additions  as  will  go  to  form  fresh  hydraulic 
mortar  with  the  excess  of  lime,  or  with  that  which  is  set  free 
during  the  hardening  process,  i.e.  with  pozzuolanas  in  the 
highest  sense  of  the  word.  Such  suitable  pozzuolanas 
are :  hydraulic  silica  itself,  opal,  infusorial  earth,  pozzuolanas 
in  the  more  restricted  sense,    trass,  santorin   earth ;   also. 


further,  powdered  glass,  certain  granulated  blast-furnace 
slags,  burnt  alum-shale,  kaolin,  brickdust,  etc. 

"Of  all  known  additions  of  this  kind,  the  most  efTective 
is  real  trass,  on  account  of  the  high  proportion  it  contains 
of  the  hydraulic  factors,  and  of  the  excellent  quality  of  that 
portion  of  it  which  acts  as  sand." 

As  will  be  seen  in  the  latter  part  of  Appendix  IV.,  the 
members  of  the  German  Association  of  Cement  Manu- 
facturers undertake  not  to  add  any  extraneous  material 
whatever  to  their  cement  (beyond  a  trifling  amount  of  2  per 
cent,  of  gypsum  or  similar  material  to  adjust  the  setting 
properties),  as  they  consider  any  such  addition  diminishes 
the  value  of  the  cement,  and  is,  therefore,  a  fraud  on  the 
consumer.  This  resolution  was  made  with  the  intention  of 
stamping  out  the  wholesale  adulteration  which  was  at  one 
time  carried  on  by  some  manufacturers.  Dr  Michaelis, 
however,  strongly  disagreed  with  the  sweeping  assertion 
that  all  additions  of  a  foreign  material  weakened  Portland 
Cement,  and  he  brings  forward  the  researches  above  quoted 
in  support  of  his  contention  that  some  substances,  viz.  those 
containing  hydraulic  silica,  etc.,  may  be  advantageously 
mixed  with  cement.  The  difficulty  to  be  contended  with, 
in  admitting  such  admixtures  during  the  manufacture  of 
cement,  would  be  the  proper  control  of  the  quantities  added, 
and  it  is  very  much  to  be  feared  that  their  admission  would 
again  open  the  door  to  wholesale  adulteration,  which  by  the 
energetic  action  of  the  German  Association  has  been  practi- 
cally stamped  out  in  that  country. 

That  sea  water  attacks  unset  cement  has  since  been 
proved  by  actual  experiment,  but  personal  experience 
shows  that  it  is  only  attacked  on  the  -surface.  If  a  pat  of 
neat  cement  be  placed  under  sea  water  immediately  after 
gauging,  it  will  be  found  to  harden  well  everywhere  except 
for  a  depth  of  about  j^  inch  from  the  surface,  and  in  a  few 


hours  a  white  deposit,  consisting  chiefly  of  magnesia,  will 
be  found  to  have  formed  on  this  soft  surface.  This 
suggests  that  quick-setting  cement  is  the  most  suitable  for 
marine  work,  as  affording  less  opportunity  for  the  attack  of 
the  sea  water,  and  as  cement  which  is  first  allowed  to  set 
is  not  affected  thereby,  it  seems  better,  wherever  possible, 
to  adopt  the  block  method  of  construction,  so  successfully 
used  by  Sir  William  Matthews  at  Dover  and  elsewhere. 

The  sack  system  of  construction  for  work  under  water, 
adopted  by  Mr  Carey  at  Newhaven  and  elsewhere,  has 
much  to  recommend  it,  inasmuch  as  it  affords  less  oppor- 
tunity for  the  washing  away  of  the  cement  from  the  ag- 
gregate, and  the  mass  is  more  under  control.  However, 
Mr  Carey  remarks,  in  the  use  of  large  masses  by  this 
system,  a  great  deal  depends  upon  the  rapid  mixing  of  the 
concrete,  so  that  the  sack  may  be  placed  in  its  allotted 
position  before  setting  commences,  otherwise  not  only 
will  it  not  settle  down  in  its  place  properly,  but  the 
strength  and  homogeneity  of  the  mass  will  be  considerably 
impaired. 

A  use  of  cement  that  has  made  tremendous  strides 
during  the  past  ten  years  is  in  the  construction  of  ferro- 
concrete or  reinforced  concrete,  in  which  iron  or  steel  in 
some  form  or  other  is  embedded  in  the  mass.  Since  the 
resistance  of  cement  to  tensile  stresses  is  only  about  ^V 
of  its  resistance  to  compressive  stresses,  and  the  tensile 
strength  of  steel  is  about  one  hundred  times  that  of  cement, 
it  is  obvious  that  the  judicious  use  of  about  lo  per  cent,  of 
steel,  incorporated  in  such  a  way  to  take  the  tensile  stresses, 
will  equalise  the  power  of  resistance  to  both  tensile  and 
crushing  stresses,  and  thus  greatly  increase  the  constructive 
value  of  the  mass.  Experiments  have  shown  that  the 
adhesion  of  the  concrete  to  the  metal  is  equivalent  to 
about  500-600  lbs.  per  square  inch,  and  since  the  coef^cient 


of  expansion  at  different  temperatures  of  the  two  materials 
is  substantially  the  same,  there  is  practically  an  unlimited 
field  of  usefulness  for  them.  One  of  the  earliest  methods 
of  making  use  of  this  combination  of  steel  and  concrete 
is  the  Monier  system  of  construction,  in  which  steel  wires 
are  embedded  in  the  mass  in  the  form  of  a  network,  the 
longitudinal  wires  being  considerably  thicker  than  the 
transverse  ones.  Another  well-known  system  is  the  Henne- 
bique  construction,  of  which  the  principal  novelty  is  the 
formation  of  ferro-concrete  piles,  a  use  of  the  material  which 
is  rapidly  extending.  The  advantages  of  a  concrete  pile 
over  a  wooden  one  as  regards  indestructibility  are  obvious, 
and  it  has  been  found  that  a  ferro-concrete  pile  can  be  used 
under  practically  the  same  conditions  as  a  wooden  one. 
Provided  the  concrete  is  properly  made,  it  acts  as  a  perfect 
protection  to  the  metal  which  it  encases,  and  wholly 
prevents  oxidation  or  rust.  Reinforced  concrete  is  now 
used  for  building  construction  of  almost  every  conceivable 
kind,  and  the  design  of  reinforced  concrete  structures  has 
become  a  special  branch  of  engineering,  the  result  being 
that  there  are  many  patented  systems,  either  of  the  form 
of  reinforcing  metal  or  of  the  method  of  applying  the  rein- 
forcement, all  designed  to  give  the  maximum  of  strength 
with  the  minimum  of  material.  One  special  feature  of 
reinforced  concrete  for  ordinary  building  construction  is 
that  the  same  strength  can  be  obtained  with  considerably 
less  thickness  of  material  than  with  ordinary  brick  or  stone, 
resulting  in  a  notable  increase  of  floor  space ;  in  crowded 
city  areas,  where  every  available  square  foot  is  of  importance, 
this  is  no  small  advantage. 

Reinforced  concrete  is  also  considerably  used  for  piers 
and  jetties,  notably  at  Southampton  Docks  and  elsewhere ; 
at  Southampton  considerable  apprehension  was  caused 
owing  to  the  deterioration  which  was  found  to  be  taking 
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place  in  the  concrete  after  two  or  three  years;  this  was  at 
first  attributed  to  the  action  of  the  sea  water,  but  careful 
investigation  showed  it  to  be  due  to  electrolytic  action, 
caused  by  an  escape  of  electric  current  from  the  mains 
supplying  the  electric  cranes,  etc.,  passing  through  the 
concrete. 

A  novel  apparatus  for  dealing  with  concrete,  which 
appears  to  have  a  considerable  future  before  it,  for  certain 
kinds  of  work,  is  that  known  as  the  Cement  Gun,  recently 
introduced  from  America,  an  illustration  of  which  is  given 
in  fig.  III.  It  consists  essentially  of  a  hopper  into  which 
the  cementitious  materials,  usually  sand  and  cement,  are 
placed  ;  a  hose  connected  to  the  bottom  of  the  hopper, 
through  which  the  mixture  is  forced  by  air  pressure  ;  and  a 
nozzle  at  the  end  of  the  hose,  to  which  another  hose  supply- 
ing water  is  attached  for  hydrating  the  material.  The  result 
is  that  a  stream  of  hydrated  mortar  can  be  directed  at  any 
required  spot,  and  owing  to  the  force  at  which  the  mixture 
leaves  the  nozzle,  ue.  about  35  lbs.  per  square  inch  pressure, 
it  can  be  advantageously  used  for  applying  stucco  to  walls, 
coating  steel  work  with  cement,  and  forcing  the  cement 
mixture  into  inaccessible  places.  It  is  claimed  that  by 
this  method  only  the  necessary  amount  of  water  for  the 
hydration  of  the  cement  is  employed,  since  by  reason  of 
the  wet  material  being  applied  with  considerable  force,  all 
surplus  water  and  air  are  expelled.  The  author  has  had 
an  opportunity  of  inspecting  the  apparatus  at  work,  and  it 
certainly  produces  a  very  dense  and  solid  mass,  but  there 
appears  a  possibility,  if  used  too  wet,  of  the  surplus  water, 
which  is  extruded,  carrying  a  good  deal  of  the  finest 
cement  with  it.  Projected  against  a  perpendicular  sheet  of 
iron,  a  convex  mass  of  solid  mortar  was  formed  or  built 
out,  about  five  inches  diameter  and  three  or  four  inches 
thick,  by   directing  the   stream   at  one  spot   for    a  few 
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seconds,  showing  remarkable  adhesive  power  even  to  a 
comparatively  smooth  iron  surface.  As  before  mentioned, 
this  apparatus  has  only  lately  been  introduced  into  Europe, 
but  in  America  it  has  been  somewhat  extensively  used 
for  the  last  year  or  so.  The  most  striking  instance  of  its 
utility  is  in  the  Panama  Canal  Works,  where  it  was  em- 
ployed to  coat  certain  disintegrating  rock  of  the  Culebra 
Cut  with  concrete  or  rather  mortar,  and  thus  prevent  its 
weathering  and  bringing  down  with  it  masses  of  super- 
incumbent strata ;  this  work,  owing  to  the  uneven  face  of 
the  rock,  would  have  been  extremely  expensive,  if  not 
practically  impossible,  by  ordinary  hand  methods. 

The  manufacture  of  purpose-made  concrete  goods,  such 
as  paving  slabs,  sills,  concrete  sewer  pipes,  etc.,  is  a  use  of 
cement  which  has  been  gradually  extending  for  some  time 
past,  and  the  excellent  examples  of  such  goods,  produced 
by  the  various  firms  who  make  a  speciality  of  that  class  of 
work,  are  too  well  known  to  need  mentioning  ;  the  excellent 
results  obtained  in  this  branch  of  the  industry  are  due 
entirely  to  the  care  which  is  exercised  in  selecting  and 
thoroughly  maturing  the  cement ;  the  selection,  washing, 
and  proportioning  of  the  aggregates ;  and  last,  but  not 
least,  the  manipulative  skill  of  the  workmen  employed. 
Although  it  may  seem  rather  a  hazardous  opinion  to  ex- 
press, personal  experience  has  proved  that  the  skill  of  the 
workman  has  more  to  do  with  the  satisfactory  nature  of 
the  work  than  is  generally  recognised.  As  a  case  in  point, 
the  concrete  work  of  the  sea-front  or  esplanade  at  two 
neighbouring  watering  places  was  recently  carried  out  with 
exactly  similar  materials  and  with  the  same  brand  of 
cement ;  yet,  owing  to  superior  skill  and  workmanship,  the 
one  is  immeasurably  superior  in  finish  and  appearance  to 
the  other. 

Without   wishing   to    give    rise   to    the   inference   that 
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Portland  Cement  is,  so  to  speak,  a  hot-house  plant  that 
would  be  irretrievably  damaged  by  rough  handling,  it  is 
very  certain  that  the  greater  part  of  the  unsatisfactory  work 
which  occasionally  occurs,  would  be  entirely  avoided  if  the 
properties  of  the  material  were  more  thoroughly  recognised 
and  appreciated.  Cases  have  occurred  more  than  once,  in 
which  the  cement  has  been  expected  to  behave  in  a  manner 
altogether  contrary  to  the  laws  of  nature,  viz.  to  set  as 
quickly  in  cold  weather  as  in  warm,  or  vice  versd,  and  when 
these  expectations  have  not  been  fulfilled,  the  reputation  of 
the  material  has  suffered  accordingly.  The  author  trusts 
that  the  more  salient  properties  of  Portland  Cement,  which 
he  has  endeavoured  to  place  before  his  readers  in  these 
pages,  will  in  time  come  to  be  generally  known  and  widely 
appreciated,  for  he  feels  convinced  that  when  that  period 
arrives,  failures  in  Portland  Cement  work  will  never  be 
heard  of,  and  its  value  as  a  constructive  material,  therefore, 
considerably  enhanced. 
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APPENDIX    1 

USEFUL    MEMORANDA   FOR    THE 
TESTING  ROOM 


I  inch  =  a'5399  centimetres  =  35*399  millimetres. 

I  foot  =30'479 

I  square  inch  m6'45i  square  centimetres. 

1  square  foot  =9^9  >> 

I  cubic  inch  =  16386  cubic  centimetres. 

I  cubicfoot  =a8,3iS3  „  =28-315  litres. 

1  oz.  =38*35  graniimes  =  437'5  grains, 

rib.  =453'59      ..      = '45359  •t'logramnie. 

1  cwt.  =  50*803  kilogrammes. 

I  ton  =  ioi6'04  „  •=  I '01 6  tonnes. 

I  centimetre  =  '3937  inch. 
I  metre  ■■39'37  inches  =  3  feet  3'37  inches. 

I  cub.  centimetre  =  '061  cubic  inch. 
1  litre  =61027  cubic  inches— ■0353  cubic  ft. 

I  cubic  metre  =35316  cubic  feet, 

I  gramme  =  i5'433  grains  =  '03526  oi.  =  003105  "^- 

I  kilogramme  =  2'ao46  lbs. 

I  tonne  —  9843  ton—  19  cwts.  a  qrs.  ar  lbs. 
SSI 
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loo  lbs.  per  bushel  =  1248  grammes  per  litre  =  1248  kilogrammes 

per  cubic  metre. 
=  77*9  lbs.  per  cubic  foot 


1  cubic  foot 

=  6232 

gallons. 

I  bushel 

=  1*284  cubic  feet. 

20  X    20  sieve  < 

\ »      400  per  sq.  in. 

1  corresponds  to  64  ] 

3ersq.cm. 

30  X    30 

»»  < 

(=      900 

»9 

f» 

144 

n 

40  X   40 

•  9 

[  =    1,600 

»»                i 

n 

256 

tt 

50  X    50 

»» 

(=   2,500 

'9                 J 

n 

400 

99 

76  X    76 

>» 

(=    5*776 

»» 

99 

900 

t» 

100  X 100 

» 

[=  10,000 

»» 

t9 

1600 

9f 

180  X 180 

»> 

( =  32,400 

»» 

99 

5000 

99 

200  X  200 

»      ' 

■  =  40,000 

"                  J 

99 

6400 

99 

100  lbs.  per  square  inch  =  7 '031  kilogrammes  per  square  cm. 
I  kilogramme  per  square  cm.  =  14*22  lbs.  per  square  inch. 
400  lbs.  per  square  inch  =  900  lbs.  per  1^  x  i|  inch  section  (/>. 

400  X  i^x  i^  =  4oox  2^  =  900). 
To  convert  Fahrenheit  to  Centigrade : — Subtract  32  and  multiply 

byf. 
To  convert  Centigrade  to  Fahrenheit : — Multiply  by  f  and  add  32. 


NG 

THE   KQU 

VALENTS    IN    KILOGRAMMES   PER   SQUARE 

CENTIMETRE   OF    POUNDS   PER   SQUARE    INCH. 

Kilos,  per 

Lbs.  per      Kilos,  per 

Lbs.  per      Kilos,  per 
Sq.  In.         Sq.  Cm. 

Sq.  Cm. 

Sq.  In.         Sq.  Cm. 

= 

7031 

400    =•    28-124 

700    =    49-i'17 

- 

7734 

410    =    28827 

710    =    49920 

= 

8-437 

420    =    29-530 

720   =    50-623 

= 

9-141 

430   =   30-i33 

730   =    5"  336 

= 

9843 

440  =   30-936 

740   -   52-029 

= 

10-546 

45°  =   31639 

750   =    53-733 

= 

11-350 

460  =   32  342 

760   =    53-435 

= 

11-953 

470   =   33-045 

770  -=   S4'i38 

= 

12-656 

480   =   33749 

780  =   54-841 

= 

'3359 

490   -    34'452 

790  =  55S45 

^ 

14-062 

500   =    35-155 

800   =   56-248 

= 

14-765 

510   =    35-858 

8.0  =   56-951 

= 

15468 

520   ^    36561 

8»o   =    57-654 

= 

.6171 

530    =    37-264 

830    =    58357 

= 

16-874 

540    =    37-967 

840    =    59-060 

= 

'7577 

550   -    38-670 

8So   =   59-763 

= 

18280 

560   =    39'373 

860  =   60-466 

= 

.8-984 

570   -    40-076 

870   =   61-169 

= 

19687 

580   =    40780 

880   =   61-872 

= 

20390 

590   -    41-483 

890   =   62-575 

- 

21-093 

600    =    42-186 

900  -   63-279 

= 

21-796 

610   =    42889 

910  =   63982 

= 

22499 

620   -    43592 

920  -   64685 

= 

23202 

630   =    44-295 

930  =   65-388 

= 

23-905 

640   -   44-998 

940    =   66ogi 

= 

24-608 

650   =    45-701 

950    -    66-794 

= 

ar3ii 

660    =    46-404 

960    =    67-497 

= 

26-015 

670    =    47-107 

970    =    68200 

- 

26718 

680   =    47-810 

980   —    68903 

= 

27-421 

690   =    48-514 

990   =    69606 

070  kilo. 

5  lbs.  =  -351  kilo. 

10  lbs.- -703  kilo. 
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APPENDIX   II 
RA  W  MA  TERIALS 

VARIOUS  RAW  MATERIALS  FROM  WHICH  PORT- 
LAND CEMENT  IS  MANUFACTURED  IN 
ENGLAND  AND   ABROAD 


All  Analyses  by  the  Author 


Chalk  and  Clay  from  Lewes,  Sussex. 


Chalk. 

Clay. 

Clay. 

Water  and  organic  matter  . 

•32 

4-28 

979 

Insoluble  residue 

1-57 

■  •  • 

•  • . 

Silica          .... 

•06 

6549 

5929 

Alumina     .... 
Oxide  of  iron 

}  -si 

1217 
515 

14-94 
636 

Carbonate  of  lime 

97  53 

10-27 

632 

„           magnesia 

trace 

237 

2  04 

Pyrites        .... 

•    •   • 

■  •  • 

•19 

Alkalies  and  loss 

•27 

•^7 

1-07 

lOO'OO 

1 00  00 

lOO'OO 

White  Chalk  and 

Clav  from  Portsmouth. 

Chalk. 

Chfllk. 

a,,. 

Water  and  organic  matter  . 

■09 

■0 

810 

Insoluble  residue 

■68 

■80 

Silica         .... 

6513 

Alumina    .        .        .        ■ 
Oxide  of  iron     . 

}  - 

.-{ 

1208 

!76 

Carbonate  of  lime 

9815 

97-89 

518 

„           magnesia 

•61 

■71 

1-3= 

Pyrites       .... 

309 

Sodium  chloride 

ail 

Alkalies  and  loss 

•.. 

•j8 

■'3 

100*00 

.oo-oo 

1000, 

Blue  Lias  Stones 

U40  Shale  from  Bridgwater. 

StODC 

StOD«. 

Stone. 

Shule. 

SbUe. 

Water  and  oi^anic  matter 

i-.i 

•79 

.•63 

J-03 

3-'S 

Silica 

i3'57 

876 

iroi 

3" -"8 

32-10 

Alumina. 

445 

3"39 

5'79 

9-42 

Ills 

Oxide  of  iron    . 

■■54 

1-40 

•80 

■97 

2-27 

Carbonate  of  lime    . 

7346 

8o*gi 

73-68 

49"I4 

43->9 

magnesia     . 

»-58 

3-iS 

'-S7 

3-ai 

3-01 

Pyrites     .... 

3-88 

1-39 

"-■7 

■12 

1-39 

Potash     .... 

(   ,-8. 

i-ss 

Soda        .... 

•41 

■31 

■■»s 

•94 

-83 

Loss         ...        . 

[     -o, 

-S5 

loo-oo 

lOO'OO 

100*00 

100-00 

100 -oo 
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Materials  from  Java. 


Silica. 

Calcareous 
Tufa. 

Limcstoiie. 

Water  and  organic  matter  . 

630 

•50 

•  •  • 

Insoluble  residue 

•  ■  • 

•98 

trace 

Silica         .... 

69-64 

•16 

•01 

Alumina    .... 
Oxide  of  iron 

1374 

2'20 

•46 

•08 

Carbonate  of  lime 

2*62 

9675 

9S-96 

„         magnesia 

225 

•46 

•63 

Potash       .... 

2*12 

I 

Soda 

['09 

\     69 

•32 

Loss 

•         04 

I 

• 

I  GO '00 

lOO'OO 

lOO'OO 

Marls  from  Holland. 


Marl. 

Marl. 

Water  and  organic  matter 

SiUca 

Alumina  and  oxide  of  iron    • 

Carbonate  of  lime 

Sulphur,  magnesia,  and  alkalies     . 

•63 

I9I6 

303 
7645 

73 

1-99 

2  7 '44 

4"43 
6520 

•94 

lOO'OO 

100*00 

Raw  Materials 


Z^7 


Limestones  and 

Shales 

FROM  Spain. 

Stone. 

Stone. 

Shale. 

Shale. 

Water  and  organic  matter 

-22 

•  •  • 

8-44 

5^54 

Silica 

2-59 

•89 

4337 

40*12 

Alumina      .... 

•79 

•30 

10-49 

4-86 

Oxide  of  iron 

•49 

•55 

4-05 

1*30 

„        manganese 

•  •  • 

•    -27 

•  •  • 

•  a  • 

Carbonate  of  lime 

94S2 

9691 

30*75 

45*" 

„            magnesia 

1-28 

•99 

2 -08 

2*20 

Sulphur        .... 

•  •  • 

... 

trace 

nil 

Alkalies  and  loss  . 

•II 

•09 

•82 

•87 

- 

lOO'OO 

1 00 -00 

1 00 'CO 

lOO'OO 

Limestones  and  Clay 

from  Adelaide, 

Australia. 

Limestones. 

Clay. 

Blue. 

Pink. 

Yellow. 

Water  lost  at  212'  F.   . 

•  •  • 

•  •  • 

... 

9-15 

Organic  matter 

•  «  • 

•  •  • 

•  • . 

3-36 

Silica 

3 '40 

5-38 

4-58 

53'i4 

Alumina      .... 

2-77 

4-04 

445 

19-36 

Oxide  of  iron 

115 

2-22 

1*33 

5-78 

Carbonate  of  lime 

91-32 

86-79 

8892 

3-91 

„          magnesia 

1-28 

I'SS 

•96 

4-15 

Sulphuric  acid     . 

trace 

•  •  • 

•  •  • 

1-09 

Alkalies       .... 

•  •  ■ 

•  •  • 

•  •  • 

nil 

9992 

99-98 

100*24 

9994 

2  C  2 
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Limestone  and  Clay  from  Jamaica. 


Stone. 

1 

Clay. 

Water  and  organic  matter . 

•  fl  • 

9*47 

Silica 

trace 

50-68 

Alumina 

trace 

17*79 

Oxide  of  iron     .... 

trace 

5*35 

Carbonate  of  lime 

.   9918 

11*32 

,,            magnesia 

•86 

491 

Alkalies  and  loss 

■  •  • 

•48 

100*04 

lOO'OO 

Marls  and  Clay  from  Canada. 


Marl. 

Pealy  Marl. 

Clay. 

Water  and  organic  matter  . 

»*57 

29^10 

2*l6 

Silica         .... 

•II 

1*23 

59*45 

Alumina    .... 

•48 

•64 

19-97 

Oxide  of  iron 

175 

•87 

5 '95 

Carbonate  of  lime 

95*11 

1 

67-27 

466 

„            magnesia 

•84 

•79 

6-74 

Alkalies  and  loss 

•14 

•10 

1-07 

lOO'OO 

1 00  00 

lOO'OO 
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Limestone,  Clay,  and  Slate  from  East  Indies. 


Clay. 

Slate. 

Stone. 

Water  and  organic  matter  . 

3'39 

nil 

•  •  • 

Silica          .... 

55'7i 

4193 

736 

Alumina    .... 

13-59 

1203 

1-32 

Oxide  of  iron 

10*40 

6*85 

•57 

Carbonate  of  lime 

11*14 

35^64 

8986 

„            magnesia 

5*33 

2*68 

•73 

Alkalies  and  loss 

•44 

•87 

•16 

lOO'OO 

100*00 

lOO'OO 

Limestone,  Clay,  and  Alkali  Waste  from  Cheshire. 


Stone. 

Clay. 

CUy. 

Alkali 
Waste. 

Water  and  organic  matter     . 

•  •  • 

6*16 

3-15 

•60 

Insoluble  residue 

•S3 

•  •  • 

•    •    • 

•  •  • 

Silica 

•  «  • 

48-38 

49*40 

•4« 

Alumina      .... 
Oxide  of  iron 

•  •   • 

•  •  • 

15-60 
2*50 

16-80 

5^45 

I      -26 

Carbonate  of  lime 

99^32 

10-98 

10*25 

8959 

Hydrate          „ 

•  •  • 

•  •  • 

•  •  • 

773 

Carbonate  of  magnesia 

trace 

rS-88 

14*18 

•  •  • 

Sulphuric  acid 

trace 

•«s 

•56 

•  «   • 

Soda  and  potash  . 

Loss    ..... 

}      '5 

•25 

•21 

j       1*08 

'      '33 

100*00 

too'oo 

1 00  00 

100*00 

390 


Appendix  II 


Chalk  and  Clay  from  Sittingbourne. 


Chalk. 

Clay. 

Moisture  lost  at  212*  Fahr.    . 

•  fl  • 

2'IO 

Organic  matter      .... 

•  •  • 

471 

Silica  in  form  of  fine  sand 

•  •  • 

18-28 

Silica 

10-65 

3987 

Alumina 
Oxide  of  iron 

■        •        •         ■ 

} 

310 

{ 

10  GO 
5*65 

Lime    . 

4694 

805 

Magnesia 

I  03 

1-88 

Sulphuric  acid 

trace 

253 

Carbonic  acid 

38-02 

6-99 

9974 

1 00 '06 

Limestone,  Clay,  and  Shale  from  Natal,  South  Africa. 


Limestones. 

Clay. 

Shales. 

Water  and  organic  matter 

262 

278 

8-47 

8-34 

9*62 

Silica      .... 

872 

669 

66-51 

5960 

56-54 

Alumina 
Oxide  of  iron . 

1    70 

•46 

(  13-38 
1     4-41 

20'l8 

830 

21*64 

9"25 

Carbonate  of  lime  . 

84-63 

84-53 

319 

I -8© 

•68 

„            magnesia    . 

299 

5" 

218 

«'5i 

1-51 

Pyrites    . 

... 

•    •    • 

SI 

trace 

trace 

Alkalies  and  loss     . 

•34 

•42 

1-35 

•27 

•76 

lOO'OO 

100*00 

lOO'OO 

1 00 'GO 

lOO'GO 

k 
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Limestone  and  Clay  from  Malay  States. 


Stone. 

Clay. 

Clay. 

Water  and  organic  matter  . 

nil 

1087 

11-31 

Silica          .... 

•  •  • 

5255 

54-08 

Alumina    .... 
Oxide  of  iron     . 

}  -^M 

30*44 
285 

30*93 
1*25 

Carbonate  of  lime 

9932 

1*64 

•85 

„            magnesia 

•52 

•92 

I-18 

Alkalies  and  loss 

•  •  • 

73 

•40 

1 0000 

1 00  00 

1 00 '00 

Limestone  and  Clay  from  Lyme  Regis. 


Limestone. 

CUy. 

Water  and  organic  matter 

•  •  • 

i3>9 

Silica 

7-37 

20*04 

Alumina 

386 

8-70 

Oxide  of  iron 

215 

-60 

Carbonate  of  lime 

8107 

48*01 

Sulphate        „ 

2-96 

•80 

Carbonate  of  magnesia . 

237 

1-88 

Sulphur  (as  pyrites) 

•  •  • 

351 

Alkalies 

Loss     .... 

► 

-22 

) 

1-92 
I  "35 

100*00 

1 00 '00 

LofesTOVE,  Clat,  akd  Shau  pkom  Aostkalu. 


Su«e. 

a.,. 

aile. 

Water  and  organic  matter 

-02 

19-17 

3'4i 

•6s 

Silica 

39'*3 

6frs. 

Alumina    . 

2631 

.8-8, 

Oride  of  iron     . 

•33 

9'5 

7>S 

Carljonaie  of  lime 

97'79 

2-77 

2-13 

„          magnesia 

■74 

■•83 

>'43 

Alkalie.  and  iojs 

47 

■84 

SO 

ioooo 

lOO'OO 

100-00 

LiMKSTONE  AND   S 

HALE 

FROM   ShRKWSBURV. 

liOMMODC 

Shale. 

Carbonic  acid 

36-90 

1750 

Silica    . 

8-Si 

4019 

Alumina 

511 

i4-4« 

Oxide  of  iron 

'55 

3-4« 

Lime    . 

45-83 

15-89 

Magnesia 

1-87 

586 

Sul|jhuricacid 

■so 

a -So 

Alkalies 

trace 

trace 

1          9996 

100-08 
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selected  from  twelve  different  positions  in  the  heap  or  heaps  when 
the  cement  is  loose,  or  from  twelve  different  bags,  barrels,  or  other 
packages  when  the  cement  is  not  loose,  or  where  there  is  a  less 
number  than  twelve  different  bags,  barrels,  or  other  packages, 
then  from  each  bag,  barrel,  or  other  package.  Every  care  shall 
be  taken  in  the  selection,  so  that  a  fair  average  sample  may 
be  taken. 

4-  Sampling  Large  Quantities. — When  more  than  250 

tons  of  cement  is  to  be  sampled  at  one  time,  separate  samples 
shall  be  taken  from  each  250  tons  or  part  thereof. 

5.  Facilities  for   Sampling   and    Identifying.  —  The 

Vendor  shall  afford  every  facility  for  taking  samples  for  testing  the 
cement  and  for  subsequently  identifying  the  cement  sampled. 

6.  Cost  of  Sampling  and  Testing.— The  sample  or 
samples  for  testing  and  the  tests  and  chemical  analyses  hereinafter 
mentioned,  other  than  those  referred  to  in  Clause  9,  shall  (unless 
otherwise  provided  in  the  contract  between  the  Vendor  and  the 
Purchaser)  be  taken  and  made  at  the  expense  of  the  Purchaser, 
but  no  charge  shall  be  made  by  the  Vendor  for  the  cement  used 
for  samples  so  taken  or  carnage  thereon. 

7.  Tests. — ^The  sample  or  samples  shall  be  tested  in  the 
manner  hereinafter  mentioned  for : — 

(a)  Fineness, 

{p)  Specific  gravity, 

(c)  Chemical  composition, 

(d)  Tensile  strength  (neat  cement), 

(e)  „  „        (cement  and  sand), 
(/)  Setting  time, 

(£)  Soundness, 

and  before  any  sample  is  submitted  to  tests  (^,  {e\  (J)^  and  {g\ 
it  shall  be  spread  out  for  a  depth  of  3  inches  for  twenty-four  hours 
in  a  temperature  of  from  58  to  64  degrees  Fahrenheit.^ 

(a)  Test  for  Fineness. — The  cement  shall  comply  with  the 
following  conditions  of  fineness.  100  grammes  (4  oz.  approxi- 
mately) of  cement  shall  be  continuously  sifted  for  a  period  of 

'  The  temperatures  stated  are  applicable  to  temperate  climates.  In  other 
climates  special  arrangements  between  Vendor  and  Purchaser  must  be  made, 
unless  the  temperature  herein  stated  can  be  artificially  obtained  in  the 
laboratory  or  other  place  where  the  tests  are  made. 


fifteen  minutes  on  each  of  the  undermentioned  sieves,  and  in 
the  order  of  succession  given  below,  with  the  following  results : — 

(i)  The  residue  on  a  sieve  180  x  180  =  32,400  meshes  per 
square  inch,  shall  not  exceed  18  per  cent, 

(2)  The  residue  on  a  sieve  76x76  =  5776  meshes  per 
square  inch,  shall  not  exceed  3  per  cent. 

The  sieves  shall  be  prepared  from  standard  wire,  and  the 
diameter  of  the  wire  for  the  5776  mesh  shall  be  '0044  inch,  and 
for  the  32,400  mesh,  "002  inch.  The  wire-cloth  shall  be  woven 
(not  twilled),  the  cloth  being  carefully  mounted  on  the  frames 
without  distortion. 

{i)  Test  for  Specific  Gravity.— The  specific  gravity  of  the 
cement  when  fresh  burnt  and  ground  shall  be  not  less  than  315 ; 
or  3'io  provided  that  the  Vendor  satisfies  the  Purchaser  that  the 
cement  has  been  ground  for  not  less  than  four  weeks. 

(4  Test  for  Chemical  Composition. — The  cement  shall 
comply  with  the  following  conditions  as  to  its  chemical  com- 
posidon.  The  proportion  of  lime  to  silica  and  alumina  shall 
be  not  greater  than  the  maximum  nor  less  than  the  mini- 
mum ratio  (calculated  in  chemical  equivalents)  represented  by 

.-=- —  =285  or  2'o   respectively.*     The    percentage   of 

insoluble  residue  shall  not  exceed  15  per  cent.;  that  of  magnesia 
shall  not  exceed  3  per  cent ;  and  the  total  sulphur  content 
calculated  as  sulphuric  anhydride  (SO,)  shall  not  exceed  375 
per  cent     The  total  loss  on  ignition  shall  not  exceed  2  per  cent., 

'  EXAHPLB.— In  the  case  of  a  cement  conUuning  63-33  per  cent  of  lime, 

21  "6  per  cent  of  silica,  and  8'i6  per  cent  of  alumina,  the  pioportion  of  lime 

to  silica  and  alumina  would  be  as  follows : — 

Moleculai  weight  of  Lime         =     56 

„  „      Silica        =     60 

„  „      Alumina  =   102 

Lime(CaO)  =  ^i^=  ri3 


SiO,+Al,0,      0-36+0-08 


unless  it  can  be  shown  that  the  cement  has  been  ground  for  more 
than  four  weeks. 

(tf)  Test  for  Tensile  Strength  (Neat  Cement).— The 
cement  shall  be  tested  by  submitting  briquettes  of  neat  cement 
to  a  tensile  stress.     The  cement  shall  be  gauged  as  follows : — 

The  cement  shall  be  mixed  with  such  a  proportion  of  water 

that  after  filling  into   the    mould  the  mixture  shall  be  plastic. 

Clean  appliances  shall  be  used  for  gauging,  and  the  temperature 

of  the  water,  and  that  of  the  test 

f  ^..-flWjflsnj*       room  at  the  time  the  said  opera- 

'      j~^i^^^--v'^'""^^S*^  ■**F'°  '^'*™  tions  are  performed,  shall  be  from 

{  *+J^-^I!_^n  58  to  64  degrees  Fahrenheit,  and 

s"      y''    1  /      J  no  ingredient  other  than  cement 

\  i  iM'  /        I  ju] J  clean   fresh  water  shall   be 

+.:"     1  i  (         3-00'  introduced  in   making  the  tesL 

L.i/oo:...\         ]  The  cement  gauged  as  above, 

/     i/(wWar'\  shall  be fdled,  without  mechanical 

/  _jj    i     _  i_'_i  _  ^      I  ramming,    into    moulds    of    the 

>^,^.fj.       ^^  form   shown   in   fig.    lu,   each 

*  ^~-*_r^rT J  mould  resting  upon  a  non-porous 

"^'  '"■  plate  until  the  cement  has  set. 

When  the  cement  has  set  sufficiently  to  enable  the  mould 
to  be  removed  without  injury  to  the  briquette,  such  removal 
is  to  be  effected.  The  said  briquette  shall  be  kept  in  a 
damp  atmosphere  for  twenty-four  hours  after  gauging,  when  it 
shall  be  placed  in  clean  fresh  water,  and  allowed  to  remain 
there  until  required  for  breaking,  the  water  in  which  the  test 
briquettes  are  submerged  being  renewed  every  seven  days,  and 
the  temperature  thereof  maintained  between  58  and  64  degrees 
Fahrenheit. 

The  briquettes  shall  be  tested  for  breaking  at  seven  and 
twenty-eight  days  after  gauging,  six  briquettes  for  each  period. 
The  average  tensile  stress  of  the  six  briquettes  shall  be  taken  as 
the  tensile  stress  for  each  period.  For  breaking,  the  briquette 
shall  be  held  in  strong  metal  jaws,  of  the  shape  shown  in 
fig-  ii3>  the  briquettes  being  slightly  greased  where  gripped 
by  the  jaws.  The  load  must  be  steadily  and  uniformly  applied, 
starting  from  zero,  increasing  at  the  rate  of  100  lbs.  in  twelve 
seconds. 
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The  average  breaking  stress  of  the  briquettes  seven  days  after 
gauging  must  be  not  less  than  400  lbs.  per  square  inch  of  section. 

PLAN 


ELEVATION. 


01s. .4^ l!0 4k--  OfS-.i 


Fig.  113. 

The  average  breaking  stress  of  the  briquettes  twenty-eight  days 
after  gauging  must  show  an  increase  on  the  breaking  stress  at 
seven  days  after  gauging  of  not  less  than — 

25%  when  the  7-day  test  is  above  400  lbs.  and  not  above  450  lbs. 
20%  „  „  „  „  „  450  lbs.  „  „  „  500  lbs. 
15%  >i  I.  »>  If  »  500  l^s.  „  „  „  550  lbs. 
10%  „  „  „  „  „  550  lbs.  „  „  „  600  lbs. 
5%      »i        »        »>        »>        >i      600  lbs. 

{e)  Test  for  Tensile  Strength  (Cement  and  Sand).— 

The  cement  shall  be  tested  by  submitting  to  a  tensile  stress 
briquettes  prepared  from  one  part  by  weight  of  cement  to  three 
parts  by  weight  of  dry  standard  sand,  the  said  briquettes  being 
of  the  shape  described  for  the  neat  cement  tests. 
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The  mixture  of  cement  and  sand  shall  be  gauged  with  so  much 
water  as  to  be  moist  throughout,  but  no  surplus  of  water  shall 
appear  when  the  mixture  is  gently  beaten  with  a  trowel  into  the 
mould.  Clean  appliances  shall  be  used  for  gauging,  and  the 
temperature  of  the  water  and  that  of  the  test  room  at  the  time 
the  said  operations  are  performed  shall  be  from  58  to  64  degrees 
Fahrenheit,  and  no  ingredient  other  than  cement,  sand,  and 
clean  fresh  water  shall  be  introduced  in  making  the  test.  The 
mixture,  gauged  as  above,  shall  be  filled,  without  mechanical 
ramming,  into  moulds  of  the  form  shown  in  fig.  112,  each 
mould  resting  upon  a  non-porous  plate  until  the  mixture  has 
set.  When  the  mixture  has  set  sufficiently  to  enable  the 
mould  to  be  removed  without  injury  to  the  briquette,  such 
removal  is  to  be  effected.  The  said  briquette  shall  be  kept  in 
a  damp  atmosphere  for  twenty-four  hours  after  gauging,  when  it 
shall  be  placed  in  clean  fresh  water,  and  allowed  to  remain  there 
until  required  for  breaking,  the  water  in  which  the  test  briquettes 
are  submerged  being  renewed  every  seven  days,  and  the  temperature 
thereof  maintained  between  58  and  64  degrees  Fahrenheit. 

The  briquettes  shall  be  tested  for  breaking  at  seven  and  twenty- 
eight  days  after  gauging,  six  briquettes  for  each  period.  The 
average  tensile  stress  of  the  six  briquettes  shall  be  taken  as  the 
tensile  stress  for  each  period.  For  breaking,  the  briquette  shall 
be  held  in  strong  metal  jaws,  of  the  shape  shown  in  fig.  113, 
the  briquettes  being  slightly  greased  where  gripped  by  the  jaws. 
The  load  must  be  steadily  and  uniformly  applied,  starting  from 
zero,  increasing  at  the  rate  of  100  lbs.  in  twelve  seconds. 

The  average  breaking  stress  of  the  cement  and  sand  briquettes 
seven  days  after  gauging  must  be  not  less  than  1 50  lbs.  per  square 
inch  of  section. 

The  average  breaking  stress  of  the  briquettes  twenty-eight  days 
after  gauging  must  be  not  less  than  250  lbs.  per  square  inch  of 
section,  and  the  increase  in  the  breaking  stress  from  seven  to 
twenty-eight  days  must  be  not  less  than — 

25%  when  the  7-day  test  is  above  200  lbs.  and  not  above  250  lbs. 
15%      »        ».        »»        »»        '1      ^50  lbs.    ,,       „      „      300  lbs. 
10%      „        „        ,,        „        „      300  lbs.    „      „     „      350  lbs. 
S%      i»        »•        i>        »»        »      350  lbs. 
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The  standard  sand  referred  to  above  is  to  be  obtained  from 
Leighton  Buzzard.  It  must  be  thoroughly  washed,  dried,  and 
passed  through  a  sieve  of  20  x  20  meshes  per  square  inch,  and 
must  be  retained  on  a  sieve  of  30  x  30  meshes  per  square  inch, 
the  wires  of  the  sieves  being  '0164  inch  and  '0108  inch  in 
diameter  respectively. 

(/)  Test  for  Setting  Time.— Unless  a  specially  slow- 
setting  cement  is  required  of  which  the  minimum  time  of  setting 
has  been  specified,  the  cement  shall  be  of  one  of  three  distinct 
gradations  of  time  of  setting,  designated  as  "  Quick,''  '*  Medium," 
and  "  Slow.*' 

Quick. — Initial  setting  time  not  less  than  two  minutes. 

Final  setting  time  not  less  than  ten  minutes,  nor  more 
than  thirty  minutes. 

Medium. — Initial  setting  time  not  less  than  ten  minutes. 
Final  setting  time  not  less  than  half  an  hour,  nor  more 
than  two  hours. 

Slow. — Initial  setting  time  not  less  than  twenty  minutes. 
Final  setting  time  not  less  than  two  hours,  nor  more 
than  seven  hours. 

The  cement  shall  be  mixed  with  such  a  proportion  of 
water  that  the  mixture  shall  be  plastic  when  filled  into  the  Vicat 
mould.  The  gauging  shall  be  completed  before  signs  of  setting 
occur. 

The  initial  and  final  setting  times  of  cement  gauged  as  above 
shall  be  determined  by  means  of  the  Vicat  needle  apparatus 
(figs.  114,  115),  which  consists  of  a  frame  (D)  bearing  a  movable 
rod  (B),  with  the  cap  (A)  at  one  end  and  the  needle  (C) 
I  mm.  ('039  inch)  square  at  the  other,  the  cap,  rod,  and  needle 
together  weighing  300  grammes  (lo'sS  oz.).  The  rod  carries  an 
indicator  which  moves  over  a  graduated  scale  attached  to  the 
frame  (D).  The  cement  is  held  by  a  split  ring  (£)  8  cm. 
(3*15  inches)  in  diameter,  4  cm.  (1*57  inches)  high,  resting  on  a 
glass  plate. 

The  cement  confined  in  the  ring  resting  on  the  plate  is  placed 
under  the  rod  bearing  the  needle,  which  is  then  brought  gently 
into  contact  with  the  surface  of  the  cement  and  quickly  released 


and  allowed  to  sink  into  the  cement.'  This  process  is  repeated 
until  the  needle  when  brought  into  contact  with  the  cement  does 
not  pierce  it  completely,  and  the  period  between  the  time  when 
the  cement  is  filled  into  the  mould  and  the  time  at  which  the 
needle  ceases  to  pierce  the  cement  completely  is  the  initial  setting 
time  above  referred  to. 


The  cement  shall  be  considered  as  finally  set  when  the  needle, 
havir^  a  flat  end  of  i  mm.  ("039  inch)  square,  described  above,  fails 
to  make  an  impression  when  its  point  is  applied  gently  to  the 
surface.  In  the  event  of  a  scum  forming  on  the  surface,  the 
underside  of  the  pat  may  be  used  for  determining  the  final  set. 

'  The  Vicat  Needle  may,  if  desired,  be  fitted  with  a  mechanical  attach- 
ment such  as  a  "daih-pot,"  so  at  to  ensure  the  steady  and  gentle  application 
of  the  point  of  the  tieedle  to  the  surface  of  Ibe  pat,  and  theieby  render  the  teat 
independent  of  the  hand  of  the  operator. 

Que  must  be  taken  that  the  needle  rests  with  its  full  weight  upon  the 
surface  of  the  pat. 
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{g)  Test  for  Soundness.— The  cement  shall  be  tested  by 
the  Le  Chatelier  method. 

The  apparatus  for  conducting  the  Le  Chatelier  test  (fig.  116) 
is  to  consist  of  a  small  split  cylinder  of  spring  brass  or  other 
suitable  metal  of  0*5  mm.  ('0197  inch)  in  thickness,  forming  a 


«5% 


hfm  or  «(*«p  smiUbl* 
m0t»l  9bot0i  iV»M  andtnmt ' 


Fig.  116. 


mould  30  mm.  (ly^  inches)  internal  diameter  and  30  mm.  high. 

On  either  side  of  the  split  are  attached  two  indicators  with  pointed 

ends  A  A,  the  distance  from  these  ends  to  the  centre  of  the  cylinder 

being  165  mm.  {6^  inches). 

In  conducting  the  test,  the  mould  is  to  be  placed  upon  a  small 

piece  of  glass  and  filled  with  cement  gauged  in  the  mode  and 

under  the  conditions  referred  to  in  Section  (d)  of  Clause  7,  care 

2  D 
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being  taken  to  keep  the  edges  of  the  mould  gently  together  whilst 
this  operation  is  being  performed.  The  mould  is  then  to  be 
covered  with  another  glass  plate,  a  small  weight  is  to  be  placed  on 
thiSy  and  the  mould  is  then  to  be  immediately  placed  in  water  at  a 
temperature  of  58  to  64  d^rees  Fahrenheit,  and  left  there  for 
twenty-four  hours. 

The  distance  separating  the  indicator  points  is  then  to  be 
measured,  and  the  mould  again  placed  in  water  at  58  to  64 
d^rees  Fahrenheit,  which  is  to  be  brought  to  boiling  point  in 
twenty-five  to  thirty  minutes  and  kept  boiling  for  six  hours.  After 
removing  the  mould  from  the  water  and  allowing  it  to  cool,  the 
distance  between  the  points  is  again  to  be  measured ;  thC'difTerence 
between  the  two  measurements  represents  the  expansion  of  the 
cement,  which  must  not  exceed  the  following  limits,  viz. : — 10  mm. 
when  the  sample  has  been  aerated  for  twenty-four  hours  in  the 
manner  hereinbefore  described ;  or,  if  the  above  test  has  failed, 
5  mm.  after  the  sample  has  been  aerated  for  seven  days  in  the 
same  manner. 

8.  Non-Compliance  with  Tests. — Any  cement  which 
does  not  comply  with  the  whole  of  such  tests  and  analyses  may 
be  rejected  as  not  complying  with  this  Specification. 

9.  Copies  of  Vendor's  Tests  and  Analjrses,  etc.— The 

Vendor  shall,  if  required,  furnish  free  of  cost  a  copy  of  any 
document  in  his  possession  showing  the  result  of  any  test  or 
analysis  made  for  him  or  for  any  other  person  of  any  cement  sold 
or  offered  for  sale  to  the  Purchaser  or  of  the  lot  from  which  the 
cement  so  sold  or  offered  for  sale  has  been  or  is  to  be  taken,  and 
shall,  if  required,  furnish  free  of  cost  a  certificate  that  the  cement 
so  sold  or  offered  for  sale  has  been  tested  and  analysed,  and  that 
such  test  and  analysis  comply  in  all  respects  with  this  Specification, 
but  the  furnishing  of  such  copies  of  documents  or  the  giving  of 
such  certificate  shall  not  preclude  the  Purchaser  from  rejecting 
any  cement  found  not  to  comply  with  this  Specification. 

10.  Delivery. — Cement  shall  be  delivered  in  bags,  barrels,  or 
other  packages,  bearing  the  Manufacturer's  name.  A  purchaser 
desiring  to  have  the  cement  delivered  in  bags,  barrels,  or  packages 
sealed  or  of  any  particular  size  must  so  specify  at  the  time  of 
ordering. 


German  Standard  Specification  403 


APPENDIX  IV 

GERMAN  STANDARD 
SPECIFIC  A  TION 

FOR  VNIFORM  DELIVER  Y  AND  TESTING  OF 

PORTLAND  CEMENT 

[Dbcbmbbr  1909] 

I.  Definition  of  Portland  Cement. — Portland  Cement  is  a 
hydraulic  cementing  material  containing  not  less  than  17  parts 
by  weight  of  lime  (CaO)  to  i  part  by  weight  of  soluble  silica 
(SiOj)  +  alumina  ( AljOg)  +  oxide  of  iron  (FejOg),  produced  by  first 
grinding  and  intimately  mixing  the  raw  materials,  then  burning 
at  least  to  incipient  fusion  and  finely  pulverising.  It  shall 
contain  not  more  than  3  per  cent,  of  additions  for  special 
purposes. 

The  magnesia  (MgO)  content  of  Portland  Cement  which  has 
been  heated  to  redness  shall  not  exceed  5  per  cent.,  and  that  of 
sulphuric  anhydride  shall  not  exceed  2^  per  cent. 

Explanation, — Portland  Cement  differs  from  all  other  hydraulic 
cementing  materials  by  its  high  percentage  of  lime,  which  neces- 
sitates an  intimate  mixing  of  the  raw  materials  in  a  fixed  proportion, 
attainable  artificially  with  certainty  only  (very  few  natural  deposits 
excepted)  by  finest  dry  or  wet  grinding  and  intimate  mixture 
under  chemical  control.  It  must  be  demanded  in  the  interest 
of  the  consumers,  that  similar  products  manufactured  by  simply 
burning  natural  rock,  should  be  branded  as  "  Natural  Cement.'' 

By  burning  to  incipient  fusion  the  product  attains  a  very  high 
specific  gravity — an  essential  featiire  of  Portland  Cement. 

A  percentage  up  to  5  per  cent,  of  magnesia,  to  be  found  when 
dolomitic  lime  rock  is  used,  has  been  proved  to  be  harmless,  if 
in  determining  the  amount  of  lime  for  the  raw  mixture,  the  per- 
centage of  magnesia  has  been  taken  into  consideration.     In  order 

to  make  Portland  Cement  slow  setting,  it  is  usual  to  add,  during 
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the  grinding  process,  unburnt  Gypsum  (hydiated  sulphate  of  lime). 
Besides,  almost  all  Portland  Cements  contain  sulphuric  compounds 
originating  from  the  raw  materials  and  the  fuel. 

Additions  for  special  purposes,  for  instance  to  regulate  the 
setting,  are  not  precluded,  but  are  limited  to  3  per  cent,  in  order 
to  exclude  the  possibility  of  making  additions  only  for  the  purpose 
of  increasing  the  weight.  2^  per  cent,  of  sulphuric  anhydride  has 
proved  harmless. 

2.  Packing  and  Weight— Portland  Cement  is  generally 
packed  in  bags  or  barrels.  The  package  shall  show  in  clear  print 
the  gross  weight,  and  also  the  designation  "  Portland  Cement " 
and  the  name  or  trade  mark  of  the  manufacturer. 

Claims  for  loss  by  leakage,  and  variations  from  the  standard 
weight,  cannot  be  allowed  unless  they  exceed  2  per  cent. 

Explanation. — Since  different  weights  of  packages,  in  bags  as 
well  as  in  barrels,  are  used,  it  is  absolutely  necessary  to  mark  the 
package  with  the  gross  weight. 

By  the  term  "Portland  Cement,"  the  assurance  shall  be  given 
to  the  buyer,  that  the  product  is  in  accord  with  the  definition  given 
at  the  head  of  tliis  specification. 

3.  Setting  Time. — The  initial  setting  of  normal  Portland 
Cement  shall  not  take  place  in  less  than  an  hour  after  gauging. 
For  special  purposes  a  quicker-setting  Portland  Cement  can  be 
prepared,  but  must  be  marked  as  such. 

Explanation. — The  initial  setting  time  only  has  been  fixed, 
'  because  the  commencement  of  hardening  is  important,  whereas 
the  determination  of  the  final  setting  time  has  been  abandoned, 
because  in  practical  work  it  is  of  less  importance,  whether  the 
process  of  setting  is  finished  in  more  or  less  time.  Therefore 
specifications  for  the  final  setting  time  should  not  be  too  closely 
limited.  In  order  to  determine  the  setting  time  approximately, 
loogrammesofneat,  slow-setting  Portland  Cement  are  kneaded  for 
three  minutes  (quick- set  ting  Portland  Cement  one  minute)  with 
water,  into  a  stiff  paste,  and  spread  on  a  glass  plate,  to  form  a  pat 
of  I'S  cm.  thickness  tapering  to  a  thin  edge.  The  consistency 
of  the  paste  shall  be  such,  that  when  it  is  placed  on  a  glass  plate 
by  means  of  a  trowel  it  shall  taper  to  an  edge  only  after  repeated 
rapping  of  the  glass  plate.  Generally,  27  to  30  per  cent,  of  water 
will  be  sufficient  for  the  gauging.    The  beginning  of  the  hardening 
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must  be  noted.  For  the  determination  of  the  initial  and 
final  setting  time,  a  cylindrical  standard  needle  of  i  sq.  m/m 
sectional  area,  and  300  grammes  weight  is  used.  Portland 
Cement  paste  of  the  above  described  consistency,  made  from 
about  300  grammes  Portland  Cement,  is  filled  into  a  conical 
hard  rubber  ring  (4  cm.  high,  7  cm.  medium  diameter,  resting  on 
a  glass  plate),  and  then  placed  under  the  needle.  The  period  of 
"  Initial  Set "  is  when  the  needle  ceases  to  penetrate  the  paste 
entirely.  The  final  setting  time,  is  the  time  when  the  needle 
ceases  to  make  a  visible  impression. 

Since  the  setting  of  Portland  Cement  is  materially  affected 
by  the  temperature  of  air  and  mixing  water,  in  so  far  as  high 
temperature  accelerates,  and  low  temperature  retards,  the  setting, 
it  is  necessary,  in  order  to  get  uniform  results,  to  maintain,  during 
the  test  an  average  temperature  of  cement^  water,  and  air  of 
15-18°  C. ;  the  tools  and  sand  used  should  be  of  the  same 
temperature. 

The  opinion  that  Portland  Cement  loses  in  quality  by  storage 
is  erroneous,  if  the  storage  is  dry  and  free  from  draught.  The 
practice  of  specifying  fresh  cement  should  be  discontinued. 

4.  Constancy  of  Volume, — Portland  Cement  must  be  of 
constant  volume.  It  shall  be  accepted  as  a  decisive  test,  that  a  pat 
of  neat  cement,  formed  on  a  glass  plate,  protected  from  too  rapid 
drying  and  put  under  water  after  twenty-four  hours,  shall  show  no 
sign  of  distortion  or  cracking  on  the  edge,  even  after  a  long  time 
of  observation. 

Explanation, — The  pats  prepared  for  the  approximate  deter- 
mination of  the  setting  time  are  put  under  water  after  twenty-four 
hours,  but  in  no  case  before  the  cement  has  finally  set.  Pats  of 
quick-setting  Portland  Cement  can  be  immersed  in  water  after 
a  shorter  time.  The  pats,  especially  those  of  slow-setting  Portland 
Cement,  must  be  protected  from  drying  out  before  the  final  set 
takes  place,  which  is  best  accomplished  by  putting  them  into  a 
covered  box.  In  this  way  cracks  by  shrinkage  are  avoided, 
which  generally  appear  in  the  centre  of  the  pat,  and  may  be 
regarded  by  the  inexperienced  as  due  to  "  blowing." 

If  in  hardening  under  water  the  pats  show  distortions  or  cracks 
on  the  edge,  this  undoubtedly  indicates  "  blowing,"  i,e,  disinte- 
gration with  increase  of  volume  accompanied  by  gradual  disruption 
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of  the  formerly  attained  coherence,  which  may  lead  to  total  decay. 
The  symptoms  of  "  blowing  '*  are  generally  visible  three  days  after 
the  pats  are  made;  under  all  circumstances  an  observation  for 
twenty-eight  days  is  sufficient. 

5.  Fineness  of  Grinding. — Portland  Cement  shall  be  ground 
so  fine,  that  the  residue  on  a  sieve  of  900  meshes  per  sq.  cm. 
shall  not  exceed  5  per  cent.  The  width  of  the  mesh  shall  be 
o'222  mm. 

Explanation, — For  the  test  100  grammes  Portland  Cement 
shall  be  used.  Since  absolutely  exact  sieves  are  not  procurable, 
differences  in  the  width  of  the  meshes  between  0*215  '^'"-  ^"^ 
0*240  mm.  are  admissible.  Fine  grinding  is  important,  as 
Portland  Cement  is  used  almost  exclusively  mixed  with  sand,  and 
in  many  cases  even  with  very  high  proportions  of  sand,  and  the 
strength  becomes  the  greater,  the  finer  the  Portland  Cement  used 
has  been  ground  (more  particles  of  the  Portland  Cement  taking 
part  in  the  hardening  process).  It  would  be  wrong,  however,  to 
draw  conclusions  regarding  the  quality  of  a  Portland  Cement  from 
the  fineness  only. 

6.  Strength  Tests. — Portland  Cement  shall  be  tested  for 
compressive  strength  with  a  mixture  of  Portland  Cement  and  sand 
by  uniform  methods  on  cubes  having  50  sq.  cm.  surface. 

Explanation, — Experience  has  proved  that  strength  tests  of 
neat  Portland  Cement  do  not  serve  as  a  correct  basis  for 
conclusions  as  to  its  adhesive  strength  when  mixed  with  sand, 
especially  if  tests  are  made  for  the  purpose  of  comparing  different 
brands  of  Cement.  It  is  necessary  therefore  to  determine  the 
adhesive  quality  of  Portland  Cement  mixed  with  sand. 

In  practical  work  mortars  are  chiefly  subjected  to  compression, 
and  for  the  further  reason  that  the  compressive  strength  test  is  the 
most  reliable,  therefore  only  this  test  is  decisive. 

In  order  to  guarantee  the  necessary  uniformity  of  tests,  such 
apparatus  and  machines  should  be  used  as  are  employed  by  the 
Royal  Institute  for  Testing  Materials  at  Gross-Lichterfelde  (this 
institute  will  test  on  application  all  cement-testing  apparatus  for 
their  accuracy). 

7.  Crushing  Strength. — Slow-setting  Portland  Cement, 
mixed  i  part  by  weight  of  cement  to  3  parts  by  weight  of 
standard  sand,  shall  show  at  least  izo  kilos,  per  sq.  cm.  com- 
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pressive  strength  after  seven  days'  hardening  (one  day  in  moist  air 
and  six  days  under  water).  After  a  further  hardening  of  twenty- 
one  days  in  air  of  a  temperature  of  15-20*'  C.  the  compressive 
strength  shall  be  at  least  250  kilos,  per  sq.  cm.  In  case  of  con- 
troversy the  twenty-eight  days'  test  only  is  decisive. 

Portland  Cement,  which  is  intended  to  be  used  for  structures  in 
water,  shall  show  at  least  200  kilos,  per  sq.  cm.  compressive  strength 
after  twenty-eight  days'  hardening  (one  day  in  moist  air,  twenty- 
seven  days  in  water). 

For  immediate  control  at  the  building  site,  a  test  for  tensile 
strength  may  be  made.  The  Cement  (in  a  mixture  of  i  part  by 
weight  of  Cement  to  3  parts  by  weight  of  sand)  shall  show  at  least 
a  tensile  strength  of  12  kilos,  per  sq.  cm.  after  seven  days'  hardening 
(one  day  in  moist  air,  six  days  in  water). 

Quick-setting  Portland  Cement  generally  shows  less  strength 
than  that  given  above.  For  this  reason,  in  giving  strength  values, 
the  setting  time  must  also  be  mentioned. 

Explanation, — Since  different  brands  of  Portland  Cement  may 
differ  materially  regarding  their  respective  sand-carrying  qualities, 
which  is  of  course  a  matter  of  greatest  consequence  in  practical 
work,  it  is  absolutely  necessary,  especiaUy  when  comparing 
different  brands,  to  test  the  Portland  Cement  with  a  high  admixture 
of  sand.  A  mixture  of  3  parts  by  weight  of  sand  to  i  part  by 
weight  of  Portland  Cement  is  regarded  as  the  standard.  In  this 
mixture  the  adhesive  qualities  are  expressed  with  sufficient 
accuracy. 

To  fully  show  the  sand-carrying  quality  of  a  Portland  Cement, 
it  is  recommended  to  make  tests  also  with  a  higher  proportion  of 
sand.  Portland  Cement,  which  shows  higher  strength  values,  in 
many  cases  allows  the  admixture  of  a  larger  proportion  of  sand, 
and  for  this  reason,  and  also  on  account  of  its  greater  strength 
with  the  normal  mixture,  is  entitled  to  a  higher  price. 

Because  most  Portland  Cement  is  used  in  structural  work,  and 
because  its  adhesive  quality  cannot  be  determined  in  a  short  time, 
the  compressive  strength  after  twenty-eight  days'  hardening  (one 
day  in  moist  air,  six  days  under  water,  twenty-one  days  in  air  of 
15-20°  C.)  is  accepted  as  the  decisive  test,  thus  adapting  the  test 
to  the  requirements  of  practical  work. 

For  the  same  reason,  the  storage  of  the  test  specimens  under 
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water  for  twenty-seven  days,  is  retained  for  such  Portland  Cement 
which  is  intended  for  structural  work  in  water. 

Since  the  compressive  strength  cannot  be  correctly  determined 
from  the  tensile  strength,  tests  for  compressive  strength  are 
recommended,  even  if  the  tensile  strength  shows  very  high  values 
after  seven  days. 

In  order  to  obtain  concordant  results,  sand  of  equal  size  of 
grain  and  equal  quality  (standard  sand)  must  be  used.  The 
German  standard  sand  is  taken  from  the  tertiary  quartz  deposits 
of  the  brown  coal  formation  near  Freienwalde  on  the  Oder. 

The  nearly  white  raw  sand  is  cleaned  in  a  washing  machine 
and  artificially  dried.  The  sifting  of  the  dry  sand  is  done  on 
swinging  sieves  suspended  like  a  pendulum.  One  sieve  retains 
the  coarse  parts,  while  through  the  other  pass  the  finest  parts. 
From  each  day's  output,  a  sample  is  tested  by  the  Royal  Institute 
for  Testing  Materials,  as  to  size  of  grain  and  purity. 

For  controlling  the  size  of  grain,  sieves  are  used,  made  of  sheet 
brass  0*25  mm.  thick,  with  circular  holes  1*350  mm.  and  0*775 
mm.  diam.  (These  sieves  are  made  by  the  Royal  Institute  for 
Testing  Materials.) 

The  standard  sand  approved  after  repeated  tests  is  filled  in 
bags  and  lead-sealed  by  the  Royal  Institute  for  Testing 
Materials.  (The  standard  sand  is  sold  by  the  Laboratory  of  the 
Association  of  German  Portland  Cement  Manufacturers  at 
Karlshorst.) 

Description  of  Strength  Tests, — As  it  is  important  to  obtain 
uniform  results,  when  testing  the  same  Portland  Cement  in 
different  places,  the  rules  given  hereafter  must  be  carefully 
adhered  to. 

In  order  to  obtain  correct  average  figures,  at  least  five  test 
pieces  must  be  made  for  each  test. 

{a)  Mixing  of  the  Mortar. — The  mixing  of  the  mortar  of  i  part 
by  weight  of  Portland  Cement  to  3  parts  by  weight  of  standard  sand 
shall  be  carried  out  with  the  Steinbruck-Schmelzer  mortar  mixing 
machine  (figs.  117,  118,  119)  in  the  following  manner.  400 
grammes  Portland  Cement  and  1 200  grammes  standard  sand  are 
first  mixed  dry  with  a  light  spoon  in  a  basin  for  i  minute.  To  the 
dry  mixture  is  added  the  amount  of  water  to  be  determined 
beforehand.     The  moist  mortar  is  mixed  for  another  minute,  and 
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then  equally  distributed  in  the  mortar-mixing  machine,  where  it 
is  worked  for  twenty  revolutions. 

(p)  Quantity  of  Water. — The  amount  of  water  for  standard 
mortar  is  determined  by  using  a  cube  mould  in  the  following  way. 


Fig.  117. 

Dry  mortar  of  the  quantities  given  above  is  gauged  in  the  first 
test  with  128  grammes  (8  per  cent.)  of  water,  and  if  necessary  in 
the  second  test  with  160  grammes  (10  per  cent.)  of  water,  and 
mixed  in  the  mortar  mixer  as  described. 


Fig.  118. 


Fig.  119. 


850  to  860  grammes  of  the  ready  mixed  mortar  are  filled  into 
the  cube  mould,  the  filling  box  of  which  is  provided  with  two 
notches  on  its  base  (fig.  120),  and  beaten  in  with  the  Boehme 
hammer  (fig.  121)  with  stop  motion  (Martens)  with  150  blows. 
According  to   the  state  of   the   mortar  during  the  blows,   an 
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opinion  can  be  formed  as  to  which  of  the  above  extreme  limits 
of  percentage  of  water  is  nearest  the  correct  one,  whereupon 
experiments  shall  be  undertaken  with   different  percentages   of 

water.  The  amount  of  water  is  correct, 
if  between  the  90th  and  iioth  blow  the 
liquid  cement  commences  to  flow  out  of 
one  of  the  two  notches.  The  average 
result  of  three  tests  with  the  same  amount 
of  water  shall  be  decisive  for  the  making 
of  the  test  specimens. 

The  extrusion  of  the  liquid  takes  longer 
when  a  dry  filling  box  is  used  than  when 
it  has  been  once  used,  therefore  the  result 
of  the  first  use  of  the  filling  box  is  in- 
correct. 

(d)  Preparation  of  the  Test  Specimens. — 
Test  pieces  of  standard  mortar  shall  be 
made  as  follows :  850  to  860  grammes  of 
mortar,  mixed  as  prescribed,  are  filled 
into  the  standard  cube  moulds^  and 
beaten  in  with  the  Boehme  hammer  with 
Martens  stop  motion  with  150  blows. 

The  specimens  so  made  are  scraped  to 
a  surface  with  a  knife,  then  smoothed  and 
marked. 

The  mortar  resulting  from  400  grammes  of  Portland  Cement 
and  1200  grammes  of  standard  sand  is  sufficient  for  two  test 
cubes. 

The  specimens  are  placed,  with  the  mould,  on  a  non-absorbing 
surface  in  a  moist  covered  box.  They  are  taken  out  of  the 
moulds  after  about  twenty  hours.  Twenty-four  hours  after  being 
made,  the  cubes  are  taken  out  of  the  box  and  put  under  water 
ofi5-i8'C. 

The  specimens  destined  for  hardening  under  water,  must  not  be 
taken  out  of  the  water  until  just  before  the  test  The  water 
should  not  stand  more  than  2  cm.  above  the  specimens,  and 
should  be  renewed  every  fourteen  days.     The  specimens  destined 

^  The  moulds  must  be  well  cleaned  before  use  and  slightly  oiled  with  a 
mixture  of  }  rape  seed  oil  and  \  kerosene, 
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Fig.  120. 


for  hardening  in  air,  must  be  placed  separately  on  triangular  wood 
slats  in  a  closed  room  free  of  draught,  having  a  temperature  of 
iS-ao*  C. 


Testing  of  the  Specimen. — In  order  to  obtain  uniform  results 
when  testing,  the  pressure  must  always  be  exerted  on  one  of 
the  two  side  surfaces  of  the  cubes,  not  on  the  bottom  surface  nor 
on  the  tooled  top  surface. 

The  average  result  of  five  tests  shall  be  considered  as  the 
standard  compressive  strength. 


REGULATIONS  OF  THE  ASSOCIATION  OF 
GERMAN  PORTLAND  CEMENT  MANU- 
FACTURERS. 

The  Association  of  German  Portland  Cement  Manufac- 
turers compels  its  members  to  fulfil  exactly  the  definition  at 
the  commencement  of  this  specification  and  the  qualities 
of  Portland  Cement  set  forth  therein.  The  obligation  reads 
as  follows : — 

"  The  members  of  the  Association  may  only  sell  under  the  name 
of  Portland  Cement  a  product  manufactured  by  burning  to  in- 
cipient fusion  an  intimate  mixture  of  finely  ground  calcareous 
and  argillaceous   materials  (or  silicates  of  lime  and   alumina) 
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and  afterwards  grinding  to  the  fineness  of  flour.  They  agree 
not  to  acknowledge  as  Portland  Cement  any  product  manu- 
factured in  another  than  the  above  way,  or  to  which  additions 
during  or  after  burning  have  been  made,  and  to  regard  the 
selling  of  such  product  under  the  name  of  Portland  Cement  as 
intention  to  deceive  the  buyer.  Small  additions,  however,  up  to 
3  per  cent.,  which  may  be  necessary  for  the  regulation  of  the 
setting  time  or  for  other  special  purposes,  are  not  prohibited  by 
this  obligation. 

''The  members  of  the  Association  furthermore  pledge  them- 
selves to  furnish  Portland  Cement  in  all  respects  according  to 
this  standard  specification. 

"If  a  consumer  calls  for  a  Portland  Cement  ground  coarser 
than  required  by  this  specification,  or  for  coloured  Portland 
Cement,  the  delivery  of  such  cement  is  allowed. 

"  If  a  member  of  the  Association  acts  in  contravention  of  this 
engagement,  he  shall  be  expelled  from  the  Association.  The 
expulsion  shall  be  published." 

The  products  of  the  members  are  tested  every  year  in  the 
Laboratory  of  the  Association  at  Karlshorst  to  determine  whether 
they  are  in  accordance  with  these  specifications.  The  results  of 
these  tests  are  published  at  the  general  meeting. 


French  Government  Specij 
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FRENCH  GOVERNM 
SPECIFIC  A  TIOA 

Issued  by  the  Ministry  of  Public  Works,  Jun 
BY  Ministerial  Circulars  of  November  2( 
1909,  AND  December  24,  1910. 

General  Conditions  Applicable  to 

Method  of  Delivery. — The  cement  shall  t 
or  in  barrels. 

The  sacks  shall  contain  a  net  weight  of 
they  shall  be  sewn  on  the  inside  and  clos 
bearing  the  manufacturer's  mark,  and  in  a  n 
the  Administration. 

The  barrels  shall  bear  on  one  end  the  facto 
other  the  net  weight  of  the  cement  which  they 

The  sacks  and  barrels  shall  be  in  perfect  c 
of  delivery,  and  any  cement  which  has  beer 
shall  be  rejected. 

On  the  arrival  of  each  delivery,  the  bill  of  lac 
of  the  trucks  shall  be  handed  to  the  engineer. 

Storage. — The  sacks  or  barrels  of  cemei 
dry,  closed,  and  covered  stores ;  they  shall  b< 
distinct  heaps  corresponding  to  each  delivery. 

The  contractor  shall  have  the  care  and  r< 
cement  in  the  warehouse  until  the  moment  of 

Every  sack  or  barrel  of  cement  which  is  fo 
which  the  covering  is  not  in  good  condition  at  \ 
shall  be  rejected. 

Tests. — No  cement  shall  be  employed  1 
submitted  to  the  tests  stipulated  by  the  pres< 
and  accepted  conditionally. 

The  engineer  shall  have  the  right  to  re-make 
of  cement  accepted   conditionally,  the  tests 


prescribed  specification,  and  to  reject  the  deliveries  which  do  not 
fulfil,  at  the  moment  of  delivery  for  use  or  of  final  acceptance,  the 
conditions  exacted  by  these  tests. 

When  the  tests  have  given  unfavourable  results,  the  contractor 
may  demand  that  they  be  repeated  at  the  laboratory  of  the  Ecole 
des  Fonts  et  Chauss6es. 

Sampling. — The  samples  to  be  submitted  to  the  tests  shall  be 
taken  at  different  depths  and  points,  from  several  sacks,  barrels,  or 
heaps,  selected  by  the  engineer.  The  cement  forming  the  various 
samples  shall  not  be  mixed. 

Quality. — The  cement  shall  be  of  uniform  quality  and  com- 
position.    It  shall  contain  no  unburnt  or  foreign  matter. 

Fineness. — The  tests  shall  be  made  on  a  sample  of  roo 
grammes.  The  sifting  shall  be  effected  by  means  of  sieves  of 
324,  900,  and  4900  holes  per  sq,  cm.  The  wires  of  these  three 
sieves  shall  be  of  the  respective  thicknesses  of  10,  15,  and  j^  of 
a  millimetre. 

Weight. — The  weight  shall  be  determined  by  gently  pouring 
the  cement,  without  shaking,  into  a  metal  measure,  cylindrical  in 
form,  having  a  capacity  of  1  litre  and  a  height  of  10  cm.  The 
cement  contained  in  the  measure  shall  be  weighed ;  the  average 
results  of  three  successive  operations  shall  be  taken  as  the  weight 
of  the  sample. 

In  case  of  dispute,  the  filling  of  the  measure  shall  be  effected 
by  means  of  a  funnel,  containing  a  sieve  of  perforated  plate  having 
holes  of  2  mm. ;  this  funnel  shall  be  placed  in  such  a  manner, 
that  the  bottom  of  the  tube  shall  be  5  cm.  above  the  measure. 
The  cement  shall  b?  poured  in  without  shaking  or  jarring  of 
any  kind.  When  the  measure  overflows,  the  material  in  excess 
shall  be  removed  by  scraping  it  off  with  a  straight-edge,  held 
vertically. 

Set. — The  cement  shall  be  gauged  with  potable  water  into  a 
stiff  paste,  and  shall  be  made  in  the  form  of  a  pat  about  4  cm. 
thick,  immediately  immersed  either  in  fresh  water  or  in  sea  water, 
according  to  the  conditions  of  the  particular  specification  adopted. 
The  cement,  water,  and  immersion  tank  shall  be  of  a  temperature 
of  at  least  15'  C-,  when  it  is  desired  to  determine  the  maximum 
rapidity  of  set,  and  at  most  15*  C,  when  it  is  desired  to  ascertain 
then 


The  commencement  of  set  shall  be  when  a  Vicat  needle,  having 
a  section  of  i  sq.  mm.,  and  weighing  300  grammes,  does  not 
wholly  penetrate  the  pat. 

The  final  set  shall  be  the  time  when  the  surface  of  the  pat 
supports  the  same  needle,  without  appredable  penetration,  such 
as  a  ^  mm. 

In  case  of  dispute,  the  term  "  slifT  paste  "  shall  be  estimated  as 
follows.  When  gauged  in  the  proportion  of  five  minutes  per 
kilo.,  this  paste,  in  a  box  4  cm.  deep,  shall  be  penetrated  to 
within  6  mm.  of  the  bottom  of  the  box,  by  a  consistence  plunger 
of  I  cm.  diameter  and  300  grammes  weight. 

Tensile  Strength.— The  tests  for  tensile  strength  shall  be 
made  on  a  stiff  paste  of  pure  cement,  and  on  a  plastic  mortar  of 
cement  gauged  with  fresh  water.  They  shall  be  carried  out  by 
means  of  test  pieces  in  the  Form  of  a  f^ure  8,  having  a  section  in 
the  centre  of  5  sq.  cm. 

The  moulds  in  which  the  test  pieces  are  to  be  made  shall  be 
filled  in  one  operation ;  they  shall  be  first  shaken  to  expel  air- 
bubbles,  the  paste  or  the  mortar  shall  then  be  pressed  with  a 
trowel  hut  not  rammed,  then,  with  the  edge  of  the  trowel,  the 
excess  material  shall  be  scraped  off,  and  the  surface  of  the  test 
piece  smoothed  off. 

Each  test  shall  consist  of  the  breaking  of  six  briquettes ;  the 
tensile  strength  shall  be  the  mean  of  the  four  best  results, 

The  mortar  shall  be  composed  of  i  part  of  cement  to  3  of  dry 
sand,  by  weight.  The  sand  shall  be  composed  of  equal  parts  of 
grains  of  three  sizes,  separated  by  four  sieves  of  perforated  iron, 
having  holes  of  ^,  i,  t^,  and  2  mm.  in  diameter. 

The  briquettes,  after  having  been  kept  in  damp  air  and 
sheltered  from  draughts  and  the  direct  rays  of  the  sun,  during 
the  time  fixed  by  the  specification  adopted,  shall  be  removed 
from  the  moulds  and  immersed  in  fresh  or  sea  water  according  to 
the  condition  of  the  specification ;  in  any  case,  the  water  shall  be 
renewed  every  seven  days. 

In  case  of  dispute,  the  stiff  paste  of  neat  cement  shall  be 
that  designated  by  the  previous  clause,  and  the  plastic  cement 
mortar  shall  be  a  mortar  composed  of  Leucate  shore  sand, 
furnished  by  the  Administration,  and  gauged  with  a  quantity  of 
water  equal  to  i  kilo,  of  material  to  55  grammes  4-  j  P,  F  being 


4i6  Appendix  V 

the  weight  of  water  necessary  to  make  i  kilo,  of  cement  into  a 
stiff  paste. 

Cold  and  Hot  Distortion  Tests. —The  tests  for  distortion 
in  the  cold,  shall  be  made  with  pats  of  cement  gauged  with  fresh 
water  into  a  stiff  paste.  The  pats,  being  about  lo  cm.  diameter 
and  2  cm.  thick,  shall  be  thinned  out  on  the  edges,  and  placed 
on  glass  plates ;  the  pats  shall  be  immersed  under  the  conditions 
stipulated  by  the  specification  adopted^  and  kept  in  water  until  the 
cement  has  been  definitely  accepted. 

None  of  the  pats  shall  show  the  least  trace  of  blowing,  buckling, 
or  bursting ;  the  edges  of  the  pats  shall  remain  firmly  fixed  to  the 
glass,  and  shall  not  show  any  signs  of  lifting. 

The  tests  for  distortion  in  the  hot,  shall  be  determined  with 
cylindrical  test  pieces  of  a  diameter  and  depth  of  30  mm. 
moulded  in  a  brass  tube,  \  mm.  in  thickness,  split  vertically  and 
carrying,  soldered  to  each  end  of  the  slit,  a  needle  of  1 50  mm. 
in  length. 

Twenty-four  hours  after  being  set,  these  test  pieces  shall  be 
immersed  in  water,  which  shall  be  gradually  raised  to  the  tempera- 
ture fixed  by  the  specification,  and  maintained  at  that  temperature 
during  the  time  likewise  fixed  by  the  specification ;  then  cooled 
to  the  initial  temperature.  The  increase  of  distance  between  the 
points  of  the  needles,  shall  not  exceed  the  figure  indicated  by  the 
specification  adopted. 

None  of  the  pats  and  test  pieces  shall  show  the  least  trace  of 
blowing  or  distortion,  such  as  cracks,  buckling,  or  bursting.  The 
edges  of  the  pats  shall  remain  firmly  fixed  to  the  glass  without 
any  sign  of  lifting. 

Constancy  of  Temperature, — The  water  in  which  the  pats 
and  test  pieces  are  kept,  shall  be  maintained  at  temperatures  of 
between  12*  and  18*  C. 

Removal  of  Rejected  Cement. — Rejected  cement  shall  be 
removed  from  the  stores  at  the  cost  of  the  contractor,  within  ten 
days  dating  from  the  official  notification  of  rejection ;  in  default 
of  the  contractor  conforming  to  this  order,  it  shall  be  the  duty  of 
the  engineer  to  remove  the  rejected  cement,  and  this  cement  shall 
be  removed  at  the  cost  and  risk  of  the  contractor,  and  placed  in 
stores  hired  at  his  expense. 


SPECIFICATION  A 

For  the  Supply  of  Cement  intended  for 
Sea-Water  Work 

Definition. — The  Portland  Cement  shall  be  produced  by 
the  grinding  of  an  intimate  mixture  of  carbonate  of  lime,  silica, 
alumina,  and  iron,  bumed  to  incipient  vitrifaction. 

Origin  and  Inspection  at  the  Factory.— The  cement 
shall  emanate  directly  and  exclusively  from  .  .  . 

The  Administration  reserves  the  right  of  exercising  its  control 
at  the  factory  over  the  manufacture,  as  well  as  over  the  storage 
and  forwarding,  of  the  cement  which  shall  be  furnished  in  exe- 
cution i)f  the  present  contract. 

The  Administration  shall  have  the  power  of  installing  special 
permanent  inspectors  at  the  factory. 

Method  of  Delivery. — The  cement  shall  be  delivered  .  .  . 
...  (in  sacks  or  in  barrels). 

Chemical  Composition. — The  cement  shall  not  contain 
more  than  i^  per  cent,  of  sulphuric  acid,  2  per  cent,  of  ms^nesia, 
nor  8  per  cent,  of  alumina,  nor  shall  it  contain  sulphides  in 
weigh  able  quantities. 

The  index  of  hydraulicity,  that  is  to  say,  the  proportion 
between  the  weight  of  the  combined  silica  and  alumina  on  the 
one  part,  and  the  weight  of  lime  and  magnesia  on  the  other  part, 
shall  be  at  least  047  for  a  percentage  of  8  per  cent  of  alumina, 
with  a  diminution  of  ooz  for  each  i  per  cent,  of  alumina  below 
8  per  cent. 

Fineness  of  Grinding.— The  cement  shall  leave  a  maximum 
of  10  per  cent,  of  its  weight  on  a  sieve  having  900  meshes  per 
sq.  cm. 

Weight— The  weight  of  a  litre  of  cement  shall  be  at  least 
1 300  grammes. 

Time  of  Set. — Cement  immersed  in  fresh  water  shall  not 
commence  to  set  in  less  than  twenty  minutes. 

The  set  shall  be  completely  finished  within  a  period  not  less 
than  three  hours,  nor  more  than  twelve  hours. 

Tensile  Strength  of  Neat  Cement.— Briquettes  of  neat 
2  £ 
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cement,  immersed  in  sea  water  after  twenty-four  hours,  shall  with- 
stand a  resistance  to  tensile  strain  per  sq.  cm.  of  at  least : 

25  kilos,  after  seven  days 
1  35  kilos,  after  twenty-eight  days. 

The  strength  developed  shall  also  increase  at  least  3  kilos, 
from  the  seven  to  twenty-eight  days. 

Tensile  Strength  of  Cement  Mortar. — Briquettes  of 
mortar,  immersed  in  sea  water  at  the  end  of  twenty-four  hours, 
shall  withstand  a  tensile  strain  per  sq.  cm.  of  at  least : 

8  kilos,  after  seven  days 
^  15  kilos,  after  twenty-eight  days. 

The  strength  developed  shall  also  increase  2  kilos,  from  the 
seven  to  twenty-eight  days. 

Distortion  in  Cold  and  Hot  Water. — The  pats  and  test 
pieces  shall  be  kept  in  a  damp  atmosphere  during  twenty-four 
hours.  The  pats  shall  then  be  immediately  immersed  in  sea 
water.  The  temperature  of  the  test  for  distortion  in  hot  water 
shall  be  100**  C,  which  shall  be  maintained  for  three  hours.  The 
increase  of  the  distance  between  the  points  of  the  needle  shall  not 
exceed  5  mm. 


SPECIFICATION  B 
For  the  Supply  of  Cement  not  for  Use  in  Sea  Water 

Definition. — The  Portland  Cement  shall  be  produced  by  the 
grinding  of  an  intimate  mixture  of  carbonate  of  lime,  silica,  alu- 
mina, and  iron,  burned  to  incipient  vitrifaction. 

Origin  and  Inspection  at  the  Factory.— The  cement 
shall  emanate  directly  and  exclusively  from  .  .  . 

The  Administration  reserves  the  right  of  exercising  its  control 
at  the  factory  over  the  manufacture,  as  well  as  over  the  storage  and 
forwarding,  of  the  cement  which  shall  be  furnished  in  execution 
of  the  present  contract. 

^  The  above  figures  are  the  minimum  ;  the  engineer  can  increase  them  after 
he  has  satisfied  himself  that  the  manufacturers  are  able  to  supply  that  which  he 
specifies. 


The  Administration  shall  have  the  power  of  installing  special 
permanent  inspectors  at  the  factory. 

Method  of  Delivery. — The  cement  shall  he  delivered  .  .  . 
.  ■  .  (in  sacks  or  in  barrels). 

Chemical  Composition. — The  cement  shall  not  contain 
more  than  3  per  cent,  of  sulphuric  acid,  $  per  cent  of  magnesia, 
and  10  per  cent,  of  alumina,  nor  sulphides  in  weighabte  quantities. 

Fineness  of  Grinding^.— The  cement  shall  leave  at  mosi 
30  per  cent,  of  its  weight  on  a  sieve  of  4900  meshes  per  sq.  cm,, 
and  10  per  cent,  on  a  sieve  having  900  meshes  per  sq.  cm. 

Weight. — The  we^ht  of  a  litre  of  cement  shall  be  at  least 
1 100  grammes. 

Time  of  Set. — Cement  immersed  in  fresh  water  shall  not 
commence  to  set  in  less  than  twenty  minutes. 

The  set  shall  be  completed  within  a  period  of  not  less  than  two 
hours  nor  more  than  twelve  hours. 

Tensile  Strength  of  Neat  Cement— Briquettes  of  neat 
cement,  immersed  in  fresh  water  after  twenty-four  hours,  shall 
withstand  a  resistance  to  tensile  strain  per  sq.  cm,  of  at  least : 
25  kilos,  after  seven  days 
'  35  kilos,  after  twenty-eight  days. 

The  strength  developed  shall  also  increase  at  least  3  kilos, 
between  the  seven  and  twenty-eight  days. 

Tensile   Strength  of  Cement    Mortar.— Briquettes   of 
mortar,  immersed  in  fresh  water  at  the  end  of  twenty-four  hours, 
shall  withstand  a  tensile  strain  per  sq.  cm.  of  at  least : 
8  kilos,  after  seven  days 
^  15  kilos,  after  twenty-eight  days. 

The  strength  developed  shall  also  increase  at  least  2  kilos, 
between  the  seven  and  twenty-eight  days. 

Distortion  in  Hot  Water.— The  test  pieces  shall  be  pre- 
served in  a  damp  atmosphere  for  twenty-four  hours.  The  tem- 
perature of  the  test  shall  be  100°  C,  and  shall  be  maintained  for 
three  hours.  The  increase  of  distance  between  the  points  of  the 
needles  shall  not  exceed  10  mm. 

'  The  above  figures  are  the  minimum ;  the  engineer  can  increase  them 
after  h«  hu  aatislied  himself  thai  the  inanufBCtureis  are  able  to  *uppiy  that 
which  he  ipecifiei. 
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UNITED  STATES  GOVERNMENT 
SPECIFICATION  FOR  PORTLAND 
CEMENT 

[ISSUED   MAY    I,    I912] 

I.  SPECIFICATION 

I.  Definition. — The  cement  shall  be  the  product  obtained  by 
finely  pulverising  clinker,  produced  by  calcining  to  incipient  fusion 
an  intimate  mixture  of  properly  proportioned  argillaceous  and 
calcareous  substances,  with  only  such  additions  subsequent  to 
calcining  as  may  be  necessary  to  control  certain  properties.  Such 
additions  shall  not  exceed  3  per  cent.,  by  weight,  of  the  calcined 
product. 

2.  Composition. — In  the  finished  cement,  the  following  limits 
shall  not  be  exceeded : — 

Per  cent. 
Loss  on  ignition  for  fifteen  minutes  .         ...     4 

Insoluble  residue I 

Sulphuric  anhydride  (SO3) 1 75 

Magnesia  (MgO) 4 

3.  Specific  Gravity. — The  specific  gravity  of  the  cement 
shall  be  not  less  than  3*10.  Should  the  cement,  as  received,  fall 
below  this  requirement,  a  second  test  may  be  made  upon  a  sample 
heated  for  thirty  minutes  at  a  very  dull  red  heat. 

4.  Fineness. — Ninety-two  per  cent  of  the  cement,  by  weight, 
shall  pass  through  the  No.  100  sieve,  and  75  percent,  shall  pass 
through  the  No.  200  sieve, 

5.  Soundness. — Pats  of  neat  cement,  prepared  and  treated  as 
hereinafter  prescribed,  shall  remain  firm  and  hard,  and  show  no 
sign  of  distortion,  checking,  cracking,  or  disintegrating.  If  the 
cement  fails  to  meet  the  prescribed  steaming  test,  the  cement  may 
be  rejected,  or  the  steaming  test  repeated  after  seven  or  more  days, 
at  the  option  of  the  engineer. 


6.  Time  of  Setting.— The  cement  shall  not  acquire  its  initial 
set  in  less  than  forty-five  minutes,  and  must  have  acquired  its  final 
set  within  ten  hours. 

7.  Tensile  Strength. — Briquettes  made  of  neat  cement,  after 
being  Itept  in  moist  air  for  twenty-four  hours,  and  the  rest  of  the 
time  in  water,  shall  develop  tensile  strength  per  square  inch  as 
follows : — 

Pounds. 

After  seven  days 500 

After  twenly-eight  days  600 

8.  Briquettes  made  up  of  1  part  cement  and  3  parts  standard 
Ottawa  sand,  by  weight,  shall  develop  tensile  strength  per  square 

inch  as  follows : — 

Pounds. 

After  seven  days 200 

After  twenly-eight  days 375 

9.  The  average  of  the  tensile  strengths  developed  at  each  age, 
by  the  briquettes  in  any  set  made  from  one  sample,  is  to  be  con- 
sidered the  strength  of  the  sample  at  that  age,  excluding  any 
results  that  are  manifestly  faulty. 

10.  The  average  strength  of  the  sand  mortar  briquettes  at 
twenty-eight  days,  shall  show  an  increase  over  the  average  strength 
at  seven  days. 

T  I.  Brand. — Bids  for  furnishing  cement,  or  for  doing  work  in 
which  cement  is  to  be  used,  shall  state  the  brand  of  cement  pro- 
posed to  be  furnished,  and  the  mill  at  which  made.  The  right  is 
reserved  to  reject  any  cement  which  has  not  established  itself  as  a 
high-grade  Portland  Cement,  and  has  not  been  made  by  the  same 
mill  for  two  years,  and  given  satisfaction  in  use  for  at  least  one 
year  under  climatic  and  other  conditions  at  least  equal  in  severity 
to  those  of  the  work  proposed. 

12.  Petckages. — The  cement  shall  be  delivered  in  sacks, 
barrels,  or  other  suitable  packages  (to  be  specified  by  the 
engineer),  and  shall  be  dry  and  free  from  lumps.  Each  package 
shall  be  plainly  labelled  with  the  name  of  the  brand,  and  of  the 
manufacturer. 

13.  A  sack  of  cement  shall  contain  94  pounds  net.  A  barrel 
shall  contain  376  pounds  net.  Any  package  that  is  short 
weight   or  broken,  or  that  contains  damaged  cement,  may  be 
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rejected,  or  accepted  as  a  fractional  package,  at  the  option  of 
the  engineer. 

14.  Inspection. — The  cement  shall  be  tested  in  accordance 
with  the  standard  methods  hereinafter  prescribed.  In  general  the 
cement  will  be  inspected  and  tested  after  delivery,  but  partial  or 
complete  inspection  at  the  mill  may  be  called  for  in  the  specifica- 
tions or  contract.  Tests  may  be  made  to  determine  the  chemical 
composition,  specific  gravity,  fineness,  soundness,  time  of  setting, 
and  tensile  strength,  and  a  cement  may  be  rejected  in  case  it  fails 
to  meet  any  of  the  specified  requirements.  An  agent  of  the 
contractor  may  be  present  at  the  making  of  the  tests,  or  they  may 
be  repeated  in  his  presence. 

15.  In  case  of  the  failure  of  any  of  the  tests,  and  if  the  con- 
tractor so  desires,  the  engineer  may,  if  he  deem  it  to  the  interest 
of  the  United  States,  have  any  or  all  of  the  tests  made  or  repeated 
by  the  Bureau  of  Standards,  United  States  Department  of  Com- 
merce and  Labour,  in  the  manner  hereinafter  specified,  all  expenses 
of  such  tests  to  be  paid  by  the  contractor.  All  such  tests  shall 
be  made  on  samples  furnished  by  the  engineer. 
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16.  Sampling. — The  selection  of  the  samples  for  testing  will 
be  left  to  the  engineer.  The  number  of  packages  sampled,  and 
the  quantity  to  be  taken  from  each  package,  will  depend  on  the 
importance  of  the  work,  the  number  of  tests  to  be  made,  and  the 
facilities  for  making  them. 

17.  The  samples  should  be  so  taken  as  to  represent  fairly  the 
material,  and,  where  conditions  permit,  at  least  i  barrel  in  every 
50  should  be  sampled.  Before  tests  are  made,  samples  shall  be 
passed  through  a  sieve  having  20  meshes  per  linear  inch  to  remove 
foreign  material.  Samples  shall  be  tested  separately  for  physical 
qualities,  but  for  chemical  analysis  mixed  samples  may  be  used. 
Every  sample  should  be  tested  for  soundness,  but  the  number 
of  tests  for  other  qualities  will  be  left  to  the  discretion  of  the 
engineer. 

18.  Chemical  Analysis. — The  method  to  be  followed  for  the 
analysis  of  cement  shall  be  that  proposed  by  the  Committee  on 


Uniformity  in  the  Analysis  of  Materials  for  the  Portland  Cement 
Industry,  reported  in  the  Journal  of  the  Society  for  Chemical 
Industry,  vol.  xxi.  p.  la,  1902,  and  published  in  Engineering 
News,  vol.  1.  p.  60,  1903,  and  in  the  Engineering  Record,  vol. 
xlviii.  p.  49,  1903. 

19.  The  insoluble  residue  shall  be  determined  on  a  i-gramme 
sample,  which  is  digested  on  the  steam  bath,  in  hydrochloric  acid 
of  approximately  i'035  specific  gravity,  until  the  cement  is  dis- 
solved. The  residue  is  filtered,  washed  with  hot  water,  and  the 
filter-paper  contents  digested  on  the  steam  bath  in  a  5  per  cent, 
solution  of  sodium  carbonate.  The  residue  is  then  filtered, 
washed  with  hot  water,  then  with  hot  hydrochloric  acid, 
approximately  of  1035  specific  gravity,  and  finally  with  hot 
water,  then  ignited  and  weighed.  The  quantity  so  obtained 
is  the  insoluble  residue. 

20.  Determination  of  Specific  Gravity.— The  determina- 
tion of  specific  gravity  may  be  made  with  a  standardised  apparatus 
of  Le  Chatelier  or  other  equally  accurate  form.  Benzine  (6a* 
Baum^  naphtha),  or  kerosene  free  from  water,  should  be  used  in 
making  the  determination.  The  cement  should  be  allowed  to 
pass  slowly  into  the  liquid  of  the  volumenometer,  taking  care  that 
the  powder  does  not  adhere  to  the  sides  of  the  graduated  tube 
above  the  liquid,  and  that  the  funnel  through  which  it  is  introduced 
does  not  touch  the  liquid.  The  temperature  of  the  liquid  in  the 
flask  should  not  vary  more  than  1*  F.  during  the  operation.  To 
this  end  the  flask  should  be  immersed  in  water.  The  results  of 
repeated  tests  should  agree  within  001. 

a  I.  If  the  specific  gravity  of  the  cement,  as  received,  is  less  than 
310,  a  redetermination  may  be  made  as  follows: — 

Seventy  grammes  of  the  cement  is  placed  in  a  nickel  or  platinum 
crucible,  about  a  inches  in  diameter,  and  heated  for  thirty  minutes 
at  a  temperature  between  419°  C.  and  630°  C.  After  the  cement 
has  cooled  to  atmospheric  temperature,  the  specific  gravity  shall 
be  determined  in  the  same  manner  as  described  above.  The 
cement  should  be  heated  in  a  muftle  or  other  suitable  furnace,  the 
temperature  of  which  is  to  be  maintained  above  the  melting 
point  of  zinc  (419°  C),  but  below  the  melting  point  of  antimony 
(630°  C),  This  maximum  temperature  can  be  recognised  as  a 
very  dull  red,  which  is  just  discernible  in  the  dark. 
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22.  Determination   of   Fineness.  —  The  No.    100   and 

No.  200  sieves  shall  conform  to  the  standard  sieve  specifica> 
tions  of  the  Bureau  of  Standards,  Department  of  Commerce 
and  Labour. 

23.  The  determination  of  fineness  should  be  made  on  a  50- 
gramme  sample,  which  may  be  dried  at  a  temperature  of  100*  C. 
(212*  F.)  prior  to  sifting.  The  coarsely  screened  sample  should 
be  weighed  and  placed  on  the  No.  200  sieve,  which,  with  the  pan 
and  cover  attached,  should  be  held  in  one  hand  in  a  slightly  inclined 
position,  and  moved  forward  and  backward  in  the  plane  of  inclina- 
tion, at  the  same  time  striking  the  side  gently,  about  200  times  per 
minute,  against  the  palm  of  the  other  hand,  on  the  upstroke.  The 
operation  is  to  be  continued  until  not  more  than  0*05  gramme  will 
pass  through  in  one  minute.  The  residue  should  be  weighed,  then 
placed  on  the  No.  100  sieve,  and  the  operation  repeated.  The 
sieves  should  be  thoroughly  dry  and  clean.  Determination  of 
fineness  may  be  made  by  washing  the  cement  through  the  sieve, 
or  by  a  mechanical  sifting  device,  which  has  been  previously 
standardised  with  the  results  obtained  by  hand-sifting  on  equivalent 
samples.  In  case  of  the  failure  of  the  cement  to  pass  the  fineness 
requirements  by  the  washing  method,  or  the  mechanical  device,  it 
shall  be  tested  by  hand. 

24.  Mixing  Cement  Pastes  and  Mortars. — ^The  quantity 

of  cement,  or  cement  and  sand  to  be  used  in  the  paste  or  mortar, 
should  be  expressed  in  grammes,  and  the  quantity  of  water  in  cubic 
centimetres.  The  material  should  be  weighed,  placed  upon  a 
non-absorbent  surface,  thoroughly  mixed  dry,  if  sand  be  used,  and 
a  crater  formed  in  the  centre,  into  which  the  proper  percentage  of 
clean  water  should  be  poured ;  the  material  on  the  outer  edge 
should  be  turned  into  the  crater  by  the  aid  of  a  trowel.  As  soon 
as  the  water  has  been  absorbed,  the  operation  should  be  completed 
by  vigorously  mixing  with  the  hands  for  one  minute  and  a  half. 
During  the  operation  of  mixing,  the  hands  should  be  protected  by 
rubber  gloves.  The  temperature  of  the  room  and  the  mixing 
water  should  be  maintained  as  nearly  as  practicable  at  21*  C. 
(70'  F.). 

25.  Determination  of  Normal  Consistency.— The  normal 
consistency  for  neat  paste  to  be  used  in  making  briquettes  and 
pats  should  be  determined  by  the  ball  method,  as  follows : — 


z6.  A  quantity  of  cement  paste  should  be  mixed  it)  the  manner 
above  described  under  Mixing  Cement  Pastes  and  Mortars,  and 
quickly  formed  into  a  ball  about  3  inches  in  diameter.  The 
ball  should  then  be  dropped  upon  a  hard,  smooth,  and  fiat  surface 
from  a  height  of  3  feet.  The  paste  is  of  normal  consistency  when 
the  ball  does  not  crack,  and  does  not  flatten  more  than  one-half 
of  its  original  diameter. 

27.  Trial  pastes  should  be  made  with  varying  percentages  of 
water  until  the  correct  consistency  is  obtained. 

38.  The  percentage  of  water  to  be  used  in  mixing  mortars  for 
sand  briquettes  is  given  by  the  formula : 

■'"'«+■*■*■• 

in  which 

y  is  the  percentage  of  water  required  for  the  sand  mortar, 
P  is  the  percentage  of  water  required  for  neat  cement  paste 

of  normal  consistency, 
n  is  the  number  of  parts  of  sand  to  one  of  cement  by  weight, 

and 
^  is  a  constant  which  for  standard  Ottawa  sand  has  the 
value  65. 
The  percentage  of  water  to  be  used  for  mortars  containing  3 
parts  standard  Ottawa  sand,  by  weight,  to  1  of  cement,  is  indicated 
in  the  following  statement : — 

Percentage  of  Water  for 

1  to  3  Mortals  of 
Standard  Ottawa  Rand. 


39.  Detennination  of  Soundne5S.~Pats  of  neat  cement 
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paste  of  normal  consistency,  about  3  inches  in  diameter,  one-half 
inch  in  thickness  at  the  centre,  and  tapering  to  a  thin  edge, 
should  be  kept  in  moist  air  for  a  period  of  twenty-four  hours. 
One  pat  should  then  be  kept  in  air  and  a  second  in  water,  at  the 
ordinary  temperature  of  the  laboratory,  not  to  vary  greatly  from 
21*  C.  (70*  F.),  and  both  observed  at  intervals  for  at  least 
twenty-eight  days.  A  third  pat  should  be  exposed  to  steam  at 
atmospheric  pressure,  above  boiling  water,  for  five  hours. 

30.  Determination  of  Time  of  Setting.— The  time  of 
setting  should  be  determined  by  the  standardised  Gillmore 
needles,  as  follows :  A  pat  of  neat  cement  paste,  about  3  inches  in 
diameter  and  one-half  inch  in  thickness,  with  flat  top,  mixed  at 
normal  consistency,  should  be  kept  in  moist  air,  at  a  temperature 
maintained  as  nearly  as  practicable  at  21*  C.  (70'  F.).  The 
cement  is  considered  to  have  acquired  its  initial  set  when  the  pat 
will  bear,  without  appreciable  indentation,  a  needle  one-twelfth 
of  an  inch  in  diameter,  loaded  to  weigh  one-fourth  of  a  pound. 
The  final  set  has  been  acquired  when  the  pat  will  bear,  without 
appreciable  indentation,  a  needle  one  twenty-fourth  of  an  inch  in 
diameter,  loaded  to  weigh  1  pound.  In  making  the  test,  the 
needle  should  be  held  in  a  vertical  position,  and  applied  lightly 
to  the  surface  of  the  pat.  The  pats  made  for  the  soundness  test 
may  be  used  to  determine  the  lime  of  setting. 

31.  Tensile  Tests. — Tensile  tests  should  be  made  on  an 
approved  machine.  The  test  pieces  shall  be  briquettes  of  the  form 
recommended  by  the  Committee  on  Uniform  Tests  of  Cement  of 
the  American  Society  of  Civil  Engineers,  and  illustrated  in  Circular 
33  of  the  Bureau  of  Standards  (see  fig.  1 3  5,  p.  444).  The  briquettes 
shall  be  made  of  paste  or  mortar  of  normal  consistency.  Immedi- 
ately after  mixing,  the  paste  or  mortar  should  be  placed  in  the 
moulds,  pressed  in  firmly  by  the  fingers,  and  smoothed  off  with  a 
trowel,  without  mechanical  ramming.  The  material  should  be 
heaped  above  the  mould,  and  in  smoothing  ofi*,  the  trowel  should 
be  drawn  over  the  mould  in  such  a  manner  as  to  exert  a  moderate 
pressure  on  the  material.  The  moulds  should  be  turned  over  and 
the  operation  of  heaping  and  smoothing  off  repeated.  Not  less 
than  three  briquettes  should  be  made  and  tested  for  each  sample, 
for  each  period  of  test.  The  neat  tests  are  not  considered  so 
important  as  the  sand  tests.     The  briquettes  should  be  broken  as 
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soon  as  they  are  removed  from  the  water.    The  load  should  be 
applied  at  the  rate  of  600  pounds  per  minute. 

32.  Storag:e  of  Test  Pieces. — During  the  first  twenty- 
four  hours  after  moulding,  the  test  pieces  should  be  kept  in  air 
sufficiently  moist  to  prevent  them  from  drying.  After  twenty-four 
hours  in  moist  air,  the  test  pieces  should  be  immersed  in  water. 
The  air  and  water  should  be  maintained  as  nearly  as  practicable 
at  2i*C.  (70*  F.). 

33.  Standard  Sand. — The  sand  to  be  used  shall  be  natural 
sand  from  Ottawa,  111.,  screened  to  pass  a  No.  20  sieve  and 
retained  on  a  No.  30  sieve. 

34.  Sand  having  passed  the  No.  20  sieve,  shall  be  considered 
standard  when  not  more  than  2  grammes  pass  the  No.  30  sieve, 
after  one  minute  continuous  sifting  of  a  200-gramme  sample. 

35.  The  No.  20  and  No.  30  sieves  shall  conform  to  the 
standard  sieve  specifications  of  the  Bureau  of  Standards,  Depart- 
ment of  Commerce  and  Labour. 


11.  METHODS  OF  CHEMICAL  ANALYSIS 

Prefatory  Note. — While  it  may  not  be  necessary  to  follow 
the  standard  method  of  analysis  in  routine  tests,  when  only  a 
general  indication  of  composition  is  desired,  this  method,  includ- 
ing all  precautions  as  stated  in  footnotes  and  italicised  text,  must 
always  be  followed  when  the  results  are  to  be  used  as  the  basis 
for  rejection,  or  when  an  accurate  knowledge  of  composition  is 
desired. 

The  standard  method  can  only  yield  accurate  results  in  the 
hands  of  a  careful  and  experienced  analyst,  when  all  precautions 
are  properly  observed,  and  even  under  these  conditions,  the 
results  obtained  in  the  determinations  of  Magnesia  (MgO), 
sulphuric  anhydride  (SOg),  **loss  on  ignition"  and  "insoluble 
residue"  may  be±o'io  per  cent,  in  error,  while,  in  general,  results 
reported  for  magnesia  tend  to  be  too  high.  Under  less  favourable 
conditions,  the  errors  may  be  of  much  greater  magnitude. 

It  is  desired  to  emphasise  these  points,  so  as  to  prevent  rejection 
of  material,  if  the  specified  limits  are  exceeded  by  less  than  0*10 
per  cent. 
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^-  Chemical  Analysis 

1    Method  sufgested  for  tbe  Analysis  of  Limestones,  Raw  Hixtnres, 
\  and  Portbuid  Cement  by  the  Committee  on  Unifonnity  in  Technical 

\;;;-^  Analysis,  with  the  Advice  of  W.  F.  HUlebrand. 
Report  of  Sub-committee  (New  Votk  Section  Society  of  Chemical  Industry) 

on  Uniformily  in  Analysis  of  Materials  for  the  Portland  Cement  Industry.' 
{All  matUr  prinlid  in  italia,  both  in  text  and  footnote!,  km  bten  addtd  during 
llu  prtfiaration  of  this  dr^alar  at  tit  luggtslion  and  with  llu  approval  of 
W.  F.   Hillcbrand,  iailh  tftcial  afifliialian  to  the  analysis  of  Portland 
Cement.) 

Solution. — One-half  gramme '  of  the  finely  powdered  sub- 
stance is  to  be  weighed  out  and,  if  a  limestone  or  unburned  mix- 
ture, strongly  ignited  in  a  covered  platinum  crucible  over  a  strong 
blast  for  fifteen  minutes,  or  longer  if  the  blast  is  not  powerful 
enough  to  effect  complete  conversion  to  a  cement  in  this  time. 
It  is  then  transferred  to  an  evaporating  dish,  preferably  of  platinum 
for  the  sake  of  celerity  in  evaporation,  moistened  with  enough 
water  to  prevent  lumping,  and  5  to  10  c.c.  of  strong  HCl  added, 
and  digested  with  the  aid  of  gentle  heat  and  agitation,  until 
solution  is  completed.  Solution  may  be  aided  by  light  pressure 
with  the  flattened  end  of  a  glass  rod.*  The  solution  is  then 
evaporated  to  dryness,  as  far  as  this  may  be  possible  on  the  bath. 

Silica  (SiOj). — The  residue,  without  further  heating,  is  treated 
at  first  with  5  to  10  c.c.  of  strong  HCl,  which  is  then  diluted  to 
half  strength  or  less,  or  upon  the  residue  may  be  poured  at  once 
a  la^er  volume  of  acid  of  half  strength.  The  dish  is  then  covered, 
and  digestion  allowed  to  go  on  for  ten  minutes  on  the  bath,  after 
which  the  solution  is  filtered,  and  the  separated  silica  washed 
thoroughly  with  water.  The  filtrate  is  again  evaporated  to  dry- 
ness, the  residue,  without   further    lieating,  taken    up  with  acid 

'  The  original  method  was  reported  in  t\c  Journal  of  the  Society  fet  Chemi- 
cal Industry,  vol,  xxi.  p.  30,  but  the  method  was  subsequently  modified  by  the 
committee,  and  the  above  text  practically  conforms  to  Ihal  in  the  Engineering 
Record,  voL  xlviii.  p.  49 ;  Engineering  News,  vol.  1.  p.  60. 

'Ifa  limestone,  075  gramme  should  be  used,  the  approximate  equivalent  of 
O'S  gramme  of  cement. 

'  If  anything  remains  undecomposed  it  should  be  separated,  fused  with  a 
■  httle  Na,CO],  dissolved,  and  added  to  the  original  solution.  Of  course  a  small 
amount  of  separated  non-gelatinous  silica  is  not  lo  be  mistaken  for  undecom- 


and  water,  and  the  small  amount  of  silica  it  contains  separated 
on  another  filter  paper.  The  papers  containing  the  residue  are 
transferred  wet  to  a  weighed  platinum  crucible,  dried,  ignited, 
first  over  a  Bunsen  burner,  until  the  carbon  of  the  filter  is  com- 
pletely consumed,  and  finally  over  the  blast  for  fifteen  minutes, 
and  checked  by  a  further  blasting  for  ten  minutes  or  to  constant 
weight. 

The  silica,  if  great  accuracy  is  desired,  is  treated  in  the  crucible 
with  about  lo  c.c.  of  HF  and  4  drops'  H^SO^,  and  evaporated 
over  a  low  flame  to  complete  dryness.  The  small  residue  is 
finally  blasted  for  a  minute  or  two,  cooled,  and  weighed.  The 
difference  between  this  weight  and  the  weight  previously  obtained 
gives  the  amount  of  silica.^ 

Alumina  and  Iron  (AljOj  and  FejOa).— The  filtrate,  about 
150  c.c.  from  the  second  evaporation  for  SiOj,  is  made  alkaline  > 
with  NH,OH,  after  adding  HCl,  if  need  be,  to  ensure  a  total  of 
10  to  15  c.c.  strong  acid,*  and  boiled  to  expel  excess  of  NHg,  or 
until  there  is  but  a  faint  odour  of  it,  and  the  precipitated  iron  and 
aluminum  hydroxides,  after  settling,  are  washed  once  by  decanta- 
tion,  and  slightly  on  the  filter.  Setting  aside  the  filtrate,  the 
precipitate  Is  dissolved  in  hot  dilute  HCl,  the  solution  passing 
into  the  beaker  in  which  the  precipitation  was  made.  The 
aluminum  and  iron  are  then  reprecipitated  by  NH,OH,*  boiled, 
and  the  second  precipitate  collected  and  washed  on  the  filter  used 
in  the  first  instance.  The  filter  paper,  with  the  precipitate,  is  then 
placed  in  a  weighed  platinum  crucible,  (the  one  containing  the  residue 
from  the  silica,  if  this  was  corrected  by  hydrofluoric  acid  treatment), 
the  paper  burned  ofT,  and  the  precipitate  ignited  and  finally 
blasted  five  minutes,  with  care  to  prevent  reduction,  cooled  and 
weighed  as  AljO,  +  FcjOg.' 

'  5  c.e.  HF  and  2  drops  H^O^  art  mgidtnt. 

*  For  ortlinaiy  control  in  the  plant  laboiatoiy  this  corrrction  may, 
perhaps,  be  neglected  ;  the  double  evaporation  never.  The  silica  is  found 
dee!  net  represent  quite  all  in  the  materiai  under  analysis  ;  a  iiltle  has  passed 
into  Ike  fittrate.  Account  should  it  /aim  of  a  possible  toss  in  iDtighl  of  Iht 
crucible  itself  if  Ike  blast  is  very  pmottfut. 

'  Andi  or  ^  c.c,  ef  bromine  water.  Bramiae  water  is  used  fur  tie  purpose  of 
collecting  practically  all  lie  manganese  here,  instead  ^  atlaming  it  te  distribute 
aiming  several  different  precipitates. 

*  This  precipiule  contains  TiO^  PjO^  Mn^Oi. 


430  Appendix  VI 

Iron  (FejOg). — The  combined  iron  and  aluminum  oxides  are 
fused  in  a  platinum  crucible  at  a  very  low  temperature,  with  about 
3  to  4  grammes  of  KHSO^,  or,  better,  NaHS04,^  the  melt  taken 
up  with  so  much  dilute  H2SO4  that  there  shall  be  no  less  than 
5  grammes  absolute  acid,  and  enough  water  to  effect  solution  on 
heating.  The  solution  is  then  evaporated  and  eventually  heated 
till  acid  fumes  come  oflf  copiously.  After  cooling  and  redissolving 
in  water,  the  small  amount  of  silica  is  filtered  out,  weighed,  and 
corrected  by  HF  and  HgSO^.^  The  filtrate  is  reduced  by  zinc, 
or  preferably  by  hydrogen  sulphide,  boiling  out  the  excess  of  the 
latter  afterwards  while  passing  CO2  through  the  flask,  and  titrated 
with  permanganate.^ 

The  strength  of  the  permanganate  solution  should  not  be 
greater  than  0*0040  g.  FejjOg  per  c.c. 

Lime  (CaO). — To  the  combined  filtrate  from  the  AI2O8  + 
FcjOg  precipitate,  a  few  drops  of  NH^OH  are  added,  and  the 
solution  brought  to  boiling.  To  the  boiling  solution,  20  cc  of 
a  saturated  solution  of  ammonium  oxalate  is  added,  and  the 
boiling  continued,  until  the  precipitated  CaC204  assumes  a  well- 
defined  granular  form.  It  is  then  allowed  to  stand  for  twenty 
minutes,  or  until  the  precipitate  has  settled,  and  then  filtered  and 
washed.  The  precipitate  and  filter  are  placed  wet  in  a  platinum 
crucible,  and  the  paper  is  burned  off  over  a  small  flame  of  a  Bunsen 
burner.  It  is  then  ignited,  redissolved  in  HCl,  and  the  solution 
made  up  to  100  c.c.  with  water.  Ammonia  is  added  in  slight  excess, 
and  the  liquid  is  boiled.  If  a  small  amount  of  AljOg  separates, 
this  is  filtered  out,  weighed,  and  the  amount  added  to  that  found 
in  the  first  determination,  when  greater  accuracy  is  desired.  The 
lime  is  then  reprecipitated  by  ammonium  oxalate,  allowed  to  stand 
until  settled,  filtered  and  washed,^  weighed  as  oxide  after  ignition, 

^  Or  the  corresponding  pyrosulphcUes^  which  are  less  troublesome  and  more 
effective  than  the  acid  sulphates, 

^  This  correclion  of  Al^Os,  FegOj  for  silica  should  not  be  made  when  the 
HF  correction  of  the  main  silica  has  been  omitted,  unless  that  silica  was 
obtained  by  only  one  evaporation  and  filtration.  After  two  evaporations  and 
filtrations,  i  to  2  mg.  of  SiO,  are  still  to  be  found  with  the  AI3O3,  Fe^Og. 

'In  this  way  only  is  the  influence  of  titanium  to  be  avoided,  and  a  correct 
result  obtained  for  iron. 

^  The  volume  of  wash  water  should  not  be  too  large ;  vide  Hillebrand, 
United  States  Geological  Survey,  Bull,  422,  p.  no. 


and  blasted  in  a  covered  crucible  to  constant  weight,  or  determined 
with  dilute  standard  permanganate.' 

Magnesia  (MgO). — The  combined  filtrates  from  the  calcium 
precipitates  are  acidified  with  HCl,  and  concentrated  on  the 
steam  bath  to  about  150  c.c. ;  10  ac.  of  saturated  solution  of 
Na(NH^)HPO^  is  added,  and  the  solution  boiled  for  several 
minutes.  It  is  then  removed  from  the  flame,  and  cooled  by 
placing  the  beaker  in  ice  water.  After  cooling,  NH^OH  is  added, 
drop  by  drop,  with  constant  stirring  until  the  crystalline  ammonium- 
magnesium  ort  ho  phosphate  begins  to  form,  and  then  in  moderate 
excess,  the  stirring  being  continued  for  several  minutes.  It  is 
then  set  aside  for  several  hours  in  a  cool  atmosphere  and  filtered. 
The  precipitate  is  redissolved  in  hot  dilute  HCl,  the  solution 
made  up  to  about  100  c.c,  i  c.c  of  a  saturated  solution  of 
Na(NH^)HPO^  added,  and  ammonia,  drop  by  drop,  with  constant 
stining,  until  the  precipitate  is  again  formed  as  described  and  the 
ammonia  is  in  moderate  excess.  It  is  then  allowed  to  stand 
for  about  two  hours,'  when  it  is  filtered  on  a  paper  or  a  Gooch 
crucible,  ignited,  cooled,  and  weighed  as  MgjP^OT. 

The  pyrophosphate  invariably  contains  calcium,  which  can  be 
determined  as  follows : — 

Dissolve  the  ignited  pyrophosphate  in  a  little  dilute  H^SO^andadd 
enough  absolute  alcohol  to  make  about  90  /0  95  per  cent,  of  the  final 
volume.  After  several  hours,  collect  the  small  and  sometimes  almost 
invisible  precipitate  of  calcium  sulphate  on  a  small  filter,  and  wash  it 
free  of  phosphoric  acid  with  alcohol.  Dry  the  filter,  and  extract  from 
it  the  precipitate,  by  a  few  cubic  centimetres  of  hot  water  acidulated  with 
HCl.  Make  this  solution  alkaline  with  ammonia,  throw  in  a  few 
crystals  of  ammonium  oxalate,  and  continue  heating  till  a  precipitate 
becomes  visible.  After  an  hour,  filter,  wash,  and  ignite  to  calcium 
oxide.  Its  weight,  averaging  perhaps  0*5  mg.,  is  to  be  added  to  that 
of  the  lime  already  found,  and  subtracted  as  tricalcium  phosphate 
{not  Pyrophosphate)  from  that  of  the  magnesium  pyrophosphate. 
.  In  <^der  to  determine  approximately  the  iron  and  aluminum 
present  the  following  procedure  may  be  followed: — 

'  The  accuracy  of  ihii  method  ulmit*  at  criticism,  but  iti  convenience  and 
rapidity  demand  ils  iniertion. 

■  A  paper  filttrskauld  ala^t  be  uted  if  the  fyrafhcsfAaie  is  la  be  carrttled 
far  ctntaminatiens. 
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Evaporate  the  alcoholic  filtrate  from  the  calcium  sulphate^  and 
heat  the  residue  to  destroy  separated  organic  matter.  Take  the 
residue  up  with  a  little  HCl  and  water ^  and  when  dissolved^  add 
a  drop  of  bromine  water.  Add  ammonia  till  the  magnesia  is  again 
precipitated^  and  let  stand  for  an  hour.  Decant  most  of  the  super- 
natant liquid  and  add  slowly,  drop  by  drop,  acetic  c^d  till  all  fine- 
grained matter  has  dissolved.  Usually  there  will  remain  a  little 
flocculent  matter,  which  is  likely  to  consist  in  greater  part,  or  wholly, 
of  phosphates  of  iron  and  aluminum,  (and  manganese  if  this  last 
was  not  removed  by  bromine  and  ammonia,  as  in  the  section  on 
Alumina  and  Iron  Oxides).  After  ignition,  the  precipitate  often 
shows  a  reddish  colour.  Unless  great  care  is  exercised,  this  separa- 
tion will  lead  to  erroneous  results,  either  by  inclusion  of  magnesium 
with  the  impurities  as  weighed,  or  by  loss  of  these  in  consequence  of 
using  too  much  acetic  acid. 

Alkalies  (K2O  and  NagO).— For  the  determination  of  the 
alkalies,  the  well-known  method  of  Professor  J.  LAwrence  Smith 
is  to  be  followed,  either  with  or  without  the  addition  of  CaCOs 
with  NH4CI. 

Sulphuric  Anhydride  Acid  (SOg).— One  gramme  of  the 
substance  is  dissolved  in  15  c.c.  (5  c.c.)  of  HCl,  and  4^  c.c.  water, 
filtered,  and  the  residue  washed  thoroughly.^ 

The  solution  is  made  up  to  250  c.c.  in  a  beaker  and  boiled. 
To  the  boilmg  solution,  10  c.c.  of  a  saturated  solution  of  BaCIj* 
is  added  slowly,  drop  by  drop,  from  a  pipette,  and  the  boiling  con- 
tinued until  the  precipitate  is  well  formed,  or  digestion  on  the  steam 
bath  may  be  substituted  for  the  boiling.  It  is  then  set  aside  over- 
night, or  for  a  few  hours,  filtered,  ignited,  and  weighed  as  BaS04. 

Total  Sulphur. — One  gramme  of  the  material  is  weighed  out 
in  a  large  platinum  crucible,  and  fused  with  NagCOg  and  a  little 
KNOj,  being  careful  to  avoid  contamination  from  sulphur  in  the 
gases  from  source  of  heat.  This  may  be  done  by  fitting  the 
crucible  in  a  hole  in  an  asbestos  board. 

The  melt  is  treated  in  the  crucible  with  boiling  water,  and  thp 
liquid  poured  into  a  tall  narrow  beaker,  and  more  hot  water  added 

^  Evaporation  to  dryness  is  unnecessary  unless  gelatinous  silica  should  have 
separated,  and  should  never  be  performed  on  a  bath  heated  by  gas ;  vidi 
Hillebrand,  United  States  Geological  Survey,  Bull.  422,  p.  198. 

'  10  per  cent,  solution  is  preferable  to  one  thai  is  saturcUed. 
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until  the  mass  is  disintegrated.  The  solution  is  then  filtered. 
The  filtrate  contained  in  a  No.  4  beaker,  is  to  be  acidulated  with 
HCl,  and  made  up  to  250  c.c.  with  distilled  water,  boiled,  the 
sulphur  precipitated  as  BaS04  and  allowed  to  stand  overnight, 
or  for  a  few  hours. 

The  following  procedure  is  in  (zccordance  with  the  recommendation 
of  IV,  K  Hillebrand  in  "  United  States  Geological  Survey^  Bulletin 
422,"  p.  227  : — 

In  a  platinum  crucible,  mix  i  gramme  of  the  sample  with 
i  gramme  of  sulphurfree  sodium  carbonate.  Place  the  covered 
crucible  in  a  hole  in  an  asbestos  board  that  is  held  in  a  somewhat 
inclined  position,  and  apply  a  blast  flame  upon  the  crucible,  below  the 
asbestos,  for  ten  to  fifteen  minutes.  Transfer  the  sintered  mass  to  a 
beaker  and  cover  with  water.  Cleanse  the  crucible  with  dilute  hydro- 
chloric add  and  pour  the  solution  into  the  beaker.  Add  more  acid  till 
decomposition  is  complete  in  the  cold  or  on  gently  warming.  Filter, 
wash  with  hot  water,  dilute  to  150  to  200  cc,  boil,  and  precipitate 
with  barium  chloride. 

It  should  be  borne  in  mind  that  by  neither  of  the  methods  given  is 
a  barium  sulphate  obtained  that  is  perfectly  pure.  Ferric  {and  if 
present  alkali)  sulphate,  also  barium  chloride,  contaminate  it,  and  it 
is  impossible  to  correct  for  them  directly.  The  most  convenient  way 
to  obtain  a  correction,  is  by  a  blank  with  a  solution  containing  sulphur 
and  the  other  main  constituents  of  the  cement  in  approximately  the 
amounts  and  proportions  found  in  the  test  sample. 

Loss  on  Ignition. — Half  a  gramme  of  cement  is  to  be  weighed 
out  in  a  {covered)  platinum  crucible,  placed  in  a  hole  in  an  asbestos 
board,  so  that  about  three-fifths  of  the  crucible  projects  below, 
and  blasted  fifteen  minutes,  preferably  with  an  inclined  flame. 
The  loss  by  weight,  which  is  checked  by  a  second  blasting  of  five 
minutes,  is  the  loss  on  ignition. 

Recent  investigations  have  shown  that  large  errors  in  results  are 
often  due  to  the  use  of  impure  distilled  water  and  reagents.  The 
analyst  should,  therefore,  test  his  distilled  water  by  evaporation,  and 
his  reagents  by  appropriate  tests,  before  proceeding  with  his  work. 

Insoluble   Residue. — The  insoluble  residue  ^  shall  be  deter- 

^  This  determination  was  not  considered  by  the  Committee  of  the  Society 
of  Chemical  Industry,  and  is  reproduced  from  paragraph  19  of  the  United 
States  Government  specification  for  Portland  Cement. 
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mined  on  a  i-gramme  sample  which  is  digested  on  the  steam  bath  in 
hydrochloric  acid  of  approximately  1*035  specific  gravity  until  the 
cement  is  dissolved.  The  residue  is  filtered y  washed  with  hot  water ^ 
and  the  filter-paper  contents  digested  on  the  steam  bath  in  a  5  per 
cent,  solution  of  sodium  carbonate.  The  residue  is  then  filtered, 
washed  with  hot  water,  then  with  hot  hydrochloric  acid,  approxi- 
mately of  1*035  specific  gravity,  and  finally  with  hot  water,  then 
ignited  and  weighed.  The  quantity  so  obtained  is  the  insoluble 
residue. 


III.  INTERPRETATION  OF  RESULTS 

Chemical 

The  composition  of  normal  Portland  Cement  has  been  the 
subject  of  a  great  deal  of  investigation,  and  it  can  be  said  that 
the  quantities  of  sihca,  alumina,  oxide  of  iron,  lime,  magnesia, 
and  sulphuric  anhydride,  can  vary  within  fairly  wide  limits,  without 
materially  affecting  the  quality  of  the  material. 

A  normal  American  Portland  Cement,  which  meets  the  standard 
specifications  for  soundness,  setting  time,  and  tensile  strength,  has 
an  approximate  composition  within  the  following  limits : — 

Per  cent 

Silica 19-25 

Alumina          .......  5-9 

Iron  oxide 2-4 

Lime 60-64 

Magnesia 1-4 

Sulphur  trioxide 1-1*75 

Loss  on  ignition 0*5-3  X)0 

Insoluble  residue o*i-i'oo 

It  is  also  true  that  a  number  of  cements  have  been  made,  both 
here  and  abroad,  which  have  passed  all  standard  physical  tests  in 
which  these  limits  have  been  exceeded  in  one  or  more  particulars, 
and  it  is  equally  true  that  a  sound  and  satisfactory  cement  does 
not  necessarily  result  from  the  above  composition. 

It  is  probable  that  further  investigation  will  give  a  clearer 
understanding  of  the  constitution  of  Portland  Cement,  but  at 
present  chemical  analysis  furnishes  but  little  indication  of  the 
quality  of  the  material. 


Defective  cement  usually  results  from  imperfect  manufacture, 
not  from  faulty  composition.  Cement  made  from  very  finely 
ground  material,  thoroughly  mixed  and  properly  burned,  may  be 
perfectly  sound  when  containing  more  than  the  usual  quantity 
of  lime,  while  a  cement  low  in  lime  may  be  entirely  unsound,  due 
to  careless  manufacture. 

The  analysis  of  a  cement  will  show  the  uniformity  in  composi- 
tion of  the  product  from  individual  mills,  but  will  furnish  little  or 
no  indication  of  the  quality  of  the  material.  Occasional  analysis 
should,  however,  be  made  for  record,  and  to  determine  the  quantity 
of  sulphuric  anhydride  and  magnesia  present. 

The  ground  clinker,  as  it  comes  from  the  mill,  is  usually  quick 
setting,  which  requires  correction.  This  is  usually  accomplished 
by  the  addition  of  a  small  quantity  of  more  or  less  hydrated 
calcium  sulphate,  either  gypsum  or  plaster  of  Paris.  Experience 
and  pracdce  have  shown  that  an  addition  of  3  per  cent,  or  less  is 
sufficient  for  the  purpose. 

Three  per  cent,  of  calcium  sulphate  (CaSO,)  contains  about 
i'7S  per  cent,  sulphuric  anhydride  (SO,),  and  as  this  has  been 
considered  the  maximum  quantity  necessary  to  control  time  of 
set,  the  specification  limits  the  SO,  content  to  175  per  cent. 

The  specification  prohibits  the  addition  of  any  material  subse- 
quent to  calcination,  except  the  3  per  cent,  of  calcium  sulphate 
permitted  to  regulate  time  of  set.  Other  additions  may  be 
difficult  or  impossible  to  detect  even  by  a  careful  mill  inspection 
during  the  process  of  manufacture,  but  as  the  normal  adulterant 
would  be  ground  raw  material,  an  excess  of  " insoluble  residue" 
would  reveal  the  addition  of  siliceous  material,  and  an  excess 
in  "loss  on  ignition  "  would  point  to  the  addition  of  calcareous 
material,  when  either  is  added  in  sufficient  quantity  to  make  the 
adulteration  profitable. 

The  effect  of  relatively  small  quantities  of  magnesia  (MgO)  in 
normal  Portland  Cement,  while  still  under  investigation,  can  be 
considered  harmless.  Earlier  investigators  believed  that  as  mag- 
nesia had  a  slower  rate  of  hydration  than  lime,  the  hydration  of 
any  free  magnesia  (MgO)  present  would  occur  after  the  cement 
had  set,  and  cause  disintegration. 

The  effect  of  magnesia  was  considered  especially  injurious 
when  the  cement  was  exposed  to  the  action  of  sea  water.  More 
2  F  2 
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recent  investigation  has  shown  that  cement  can  be  made  which  is 
perfectly  sound  under  all  conditions  when  containing  5  per  cent 
of  magnesia,  and  it  has  also  been  found  that  the  lime  in  Portland 
Cement  exposed  to  sea  water  is  replaced  by  magnesia. 

The  maximum  limit  for  magnesia  has  been  set  at  4  per  cent., 
as  it  has  been  estabhshed  that  this  quantity  is  not  injurious,  and 
it  is  high  enough  to  permit  the  use  of  the  large  quantities  of  raw 
material  available  in  most  sections  of  the  country. 

Physical 

Specific  Gravity. — If  the  Le  Chatelier  apparatus  is  used  for 
the  determination  of  specific  gravity,  the  clean  volumenometer 
flask  is  filled  with  benzine,  free  from  water  (which  can  be  obtained 
by  placing  some  calcium  chloride  or  caustic  lime  in  the  benzine 
storage  jar),  to  a  point  on  the  stem  between  zero  and  i 
c.c.  The  flask  is  then  placed  in  a  constant  temperature  bath 
until  volume  is  constant.  The  usual  method  is  to  introduce  64 
grammes  of  cement  into  the  flask,  taking  care  that  the  powder 
does  not  adhere  to  the  tube  above  the  liquid,  and  to  free  the 
cement  from  air  by  rolling  the  flask  in  an  inclined  position.  The 
flask  is  then  replaced  in  the  constant  temperature  bath  until  a 
constant  volume  is  recorded. 

The  specific  gravity  is  obtained  from  the  formula : 

•c           -s.      weight  of  cement  in  grammes 
specific  gravity  =  — — S; . — ~ ^—^ 

displaced  volume  m  cu.  cm. 

The  specific  gravity  of  a  Portland  Cement  is  not  an  indication 
of  its  cementing  value.  It  will  vary  with  the  constituents  of  the 
cement,  especially  with  the  content  of  iron  oxide.  Thus  the 
white  or  very  light  Portland  Cements,  containing  only  a  fraction 
of  a  per  cent  of  iron  oxide,  usually  have  a  comparatively  low 
specific  gravity,  ranging  from  3*05  to  3*15,  while  a  cement  con- 
taining 3  to  4  per  cent,  or  more  of  iron  oxide,  may  have  a  specific 
gravity  of  3*20  or  even  higher.  It  is  materially  affected  by  the 
temperature  and  duration  of  burning  the  cement,  the  hard-burned 
cement  having  the  higher  specific  gravity.  A  comparatively  low 
specific  gravity  does  not  necessarily  indicate  that  a  cement  is 
underburned  or  adulterated,  as  large  percentages  of  raw  materials 
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could  be  added  to  a  cement,  with  a  normally  high  specific  gravity, 
before  the  gravity  would  be  reduced  below  3*10. 

If  a  Portland  Cement  fresh  from  the  mill  normally  has  a  com- 
paratively low  specific  gravity,  upon  aging  it  may  absorb  sufficient 
moisture  and  carbon  dioxide  to  reduce  the  gravity  below  3*10. 
It  has  been  found  that  this  does  not  appreciably  affect  the 
cementing  value  of  the  material;  in  fact,  many  cements  are 
unsound  until  they  have  been  aged.  Thus  a  redetermination  is 
permitted  upon  a  sample  heated  to  a  temperature  sufficient  to 
drive  off  any  moisture  which  might  be  absorbed  by  the  cement 
subsequent  to  manufacturing,  but  would  not  drive  off  any  carbon 
dioxide  nor  correct  underburning  in  the  process  of  manufacturing 
the  cement. 

The  value  of  the  specific  gravity  determination  lies  in  the  fact 
that  it  is  easily  made  in  the  field  or  laboratory,  and  when  the 
normal  specific  gravity  of  the  cement  is  known,  any  considerable 
variation  in  quality  due  to  underburning,  or  the  addition  of  foreign 
materials,  may  be  detected. 

Fineness. — Only  the  extremely  fine  powder  of  cement,  called 
fiour,  possesses  appreciable  cementing  qualities,  and  the  coarser 
particles  are  practically  inert.  No  sieve  is  fine  enough  to  deter- 
mine the  flour  in  a  cement,  nor  is  there  any  other  means  of 
accurately  and  practically  measuring  the  flour.  Some  cements 
grind  easier  than  others,  thus,  although  a  larger  percentage  of  one 
cement  may  pass  the  200-mesh  sieve  than  another,  the  former 
may  have  a  smaller  percentage  of  actual  flour,  due  to  the  difference 
in  the  hardness  and  the  character  of  the  clinker,  and  the  method 
used  in  grinding.  Thus  the  cementing  value  of  different  cements 
cannot  be  compared  directly  upon  their  apparent  fineness  through 
a  200-mesh  sieve.  With  cement  from  the  same  mill,  with  similar 
clinker  and  grinding  machinery,  however,  it  is  probable  that  the 
greater  the  percentage  which  passes  the  200-mesh  sieve,  the 
greater  the  percentage  of  flour  in  that  particular  cement. 

Normal  Consistency. — The  quantity  of  water  used  in 
making  the  paste  from  which  the  pats  for  soundness,  tests  of 
setting,  and  the  briquettes  are  made,  is  very  important  and  may 
vitally  affect  the  results  obtained.  The  determination  consists  in 
measuring  the  quantity  of  water  required  to  bring  a  cement  to  a 
certain  state  of  plasticity. 
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In  determining  the  normal  consistency  by  the  ball  method, 
after  mixing  the  paste,  it  should  be  formed  into  a  ball,  with  as 
little  working  as  possible,  and  a  new  batch  of  cement  should  be 
mixed  for  each  trial  paste.  In  order  to  obtain  just  the  requisite 
quantity  of  paste  to  form  a  ball  2  inches  in  diameter,  a  measure 
made  from  a  pipe,  with  a  2-inch  inside  diameter,  cut  \\  inches 
long,  will  be  found  convenient.  The  section  of  pipe  should  be 
open  at  both  ends,  so  that  it  can  be  pushed  down  on  to  the  paste 
on  the  mixing  table,  and  the  excess  paste  cut  off  with  the  trowel. 
The  appearance  of  the  ball,  using  the  correct  percentage  of  water 


Fig.  127. — Soundness  pat  showing     Fig.  128. — Soundness  pat  showing 
shrinkage  cracks.  disintegration  cracks. 


Fig.  129. — Soundness  pat  with  top  surface 
flattened  for  determining  time  of  setting. 

for  normal  consistency,  as  compared  with  a  less  and  greater 
quantity  of  water,  is  shown  in  figs.  122  to  126. 

Mixing^. — The  homogeneity  of  the  cement  paste  is  dependent 
upon  the  thoroughness  of  the  mixing,  and  this  may  have  con- 
siderable influence  upon  the  time  of  setting  and  the  strength  of 
the  briquettes. 

Soundness. — The  purpose  of  this  test  is  to  detect  those 
qualities  in  a  cement  which  tend  to  destroy  the  strength  and 
durability.  Unsoundness  is  usually  manifested  by  a  change  in 
volume  which  causes  cracking,  swelling,  or  disintegration.  If  the 
pat  is  not  properly  made,  or  if  it  is  placed  where  it  will  be  subject 
to  any  drying  during  the  first  twenty-four  hours,  it  may  develop 


Fit;.   130. — Correct  melhod  of  moulding  « 


To  fan  pa:;{  i,yi.      hUTi  F,K,  "I'urlland  Cement. 
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what  are  known  as  shrinkage  cracks,  which  are  not  an  indication 
of  unsoundness,  and  should  not  be  confused  with  disintegration 
cracks,  as  shown  in  figs.  127  and  128.  No  shrinkage  cracks  should 
develop  after  the  first  twenty-four  or  forty-eight  hours.  The 
failure  of  the  pats  to  remain  on  the  glass,  nor  the  cracking  of 
the  glass  to  which   the  pat  is  attached,  does  not  necessarily 


l^ 


I  • 


1 1 


I    I 


Fig.  131. — Method  of  mounting  GUlmore  needles. 

indicate  unsoundness.  In  moulding  the  pats,  the  cement  paste 
should  first  be  flattened  on  the  glass,  and  the  pat  formed  by 
drawing  the  trowel  from|  the  outer  edge  toward  the  centre,  as 
shown  in  fig.  130. 

Time  of  Setting. — The  purpose  of  this  test  is  to  determine 
the  time  which  elapses  from  the  moment  water  is  added,  until  the 
paste  ceases  to  be  plastic,  and  the  time  required  for  it  to  obtain  a 
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certain  degree  of  hardness.  The  determination  of  the  "  initial  set," 
or  when  plasticity  ceases,  is  the  more  important,  as  a  disturbance 
of  the  material  after  this  time  may  cause  a  loss  of  strength^ 
and  thus  it  is  important  that  the  mixing  and  moulding,  or  the 
incorporating  of  the  material  into  the  work,  be  accomplished 
within  this  time.  The  time  of  setting  is  usually  determined  upon 
one  of  the  pats  which  is  to  be  used  for  the  soundness  test,  the 
top  surface  being  flattened  somewhat,  as  shown  in  fig.  1 29.  -  In 
using  the  Gillmore  needles,  care  should  be  taken  to  apply  the 
needles  in  a  vertical  position,  and  perpendicular  to  the  surface  of 
the  pat.  Fig.  131  shows  an  arrangement  for  mounting  the  Gillmore 
needles,  so  that  they  are  always  perpendicular  to  the  surface  of 
the  pat.  The  rate  of  setting  and  hardening  may  be  materially 
affected  by  slight  changes  in  temperature.  The  percentage  of  water 
used  in  gauging,  and  the  humidity  of  the  moist  closet  in  which  the 
test  pieces  are  stored,  may  also  affect  the  setting  somewhat. 

Tensile  Tests. — Consistent  results  can  only  be  obtained  by 
exercising  great  care  in  moulding  and  testing  the  briquettes. 
The  correct  method  of  filling  the  moulds  is  shown  in  figs.  132  and 
133.  In  testing,  the  sides  of  the  briquette  and  the  clips  should 
be  thoroughly  cleaned  and  free  from  grains  of  sand  or  dirt  which 
would  prevent  a  good  bearing,  and  the  briquette  should  be 
carefully  centered  in  the  clips  so  as  to  avoid  cross  strains.  It 
may  be  considered  good  laboratory  practice,  if  the  individual 
briquettes  of  any  set  do  not  show  a  greater  variation  from  the 
mean  value  than  8  per  cent,  for  sand  mixtures  and  1 2  per  cent, 
for  neat  mixtures. 


IV.  AUXILIARY  SPECIFICATIONS 
Bureau  of  Standards  Sieve  Specifications 

Wire  cloth  for  standard  sieves  for  cement  and  sand  shall  be 
woven  (not  twilled)  from  brass,  bronze,  or  other  suitable  wire,  and 
mounted  on  the  frames  without  distortion. 

The  sieve  frames  shall  be  circular,  about  20  cm.  (7 '8 7  inches) 
in  diameter,  6  cm.  (2*36  inches)  high,  and  provided  with  a  pan 
about  5  cm.  (1*97  inches)  deep  and  a  cover. 


Fig.   13a  —Correcl  method  of  fillii^  briquette  mould. 


F'jn.  133. — Correcl  metliod  of  trowelling  surface  of  briquette*. 
To/cue pa^e  440      Buti.kr,  "  I'orllanit  Cement." 
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No,  100  Cement  Sieve^  o^oo^^-inck  opening, — The  No.  100 
sieve  should  have  100  v/ires  per  inch,  and  shall  conform  to 
the '  following  specifications  of  diameter  of  wire  and  size  of 
mesh : — 

The  diameter  of  the  wires  in  the  sieve  should  be  0*0045  ^^^^^i 
and  the  average  diameter  of  such  wires  as  may  be  measured  shall 
not  be  outside  the  limits  0*0042  to  0*0048  inch  for  either  warp 
or  shoot  wires.  The  number  of  warp  wires  per  whole  inch,  as 
measured  at  any  point  of  the  sieve,  shall  not  be  outside  the 
limits  98  to  10 1  per  inch,  and  of  the  shoot  wires  96  to  102 
per  inch.  For  any  interval  of  0*25  to  0*50  inch  in  which  the 
mesh  may  be  measured,  the  mesh  shall  not  be  outside  the  limits 
95  to  1 01  wires  per  inch  for  the  warp  wires  and  93  to  103  wires 
per  inch  for  the  shoot  wires. 

No.  200  Cement  Sieve^  o'oozg-incA  opening, — The  No.  200  sieve 
should  have  200  wires  per  inch,  and  shall  conform  to  the  following 
specifications  of  diameter  of  wire  and  size  of  mesh : — 

The  diameter  of  the  wires  in  the  sieve  should  be  o'oozi  inch, 
and  the  average  diameter  of  such  wires  as  may  be  measured 
shall  not  be  outside  the  limits  0*0019  to  0*0023  inch  for  either 
warp  or  shoot  wires.  The  number  of  warp  wires  per  whole  inch, 
as  measured  at  any  point  of  the  sieve,  shall  not  be  outside  the 
limits  195  to  202  per  inch,  and  of  the  shoot  wires  192  to  204 
per  inch.  For  any  interval  of  0*25  to  0*50  inch  in  which  the 
mesli  may  be  measured,  the  mesh  shall  not  be  outside  the  limits 
192  to  203  wires  per  inch  for  the  warp  wires,  and  190  to  205 
wires  per  inch  for  the  shoot  wires. 

No,  20  Sand  Sieve,  0*0335-1/1^-^  opening, — No.  20  sieves  shall 
have  between  i9'S  and  20*5  wires  per  whole  inch  of  the  warp 
wires,  and  between  19  and  21  wires  per  inch  of  the  shoot  wires. 
The  diameter  of  the  wire  should  be  00 165  inch,  and  the  average, 
as  measured,  shall  not  vary  outside  the  limits  o'oi6o  to  0*0170 
inch. 

No,  30  Sand  Sieve,  o'o22yinch  opening. — No.  30  sieves  shall 
have  between  29*5  and  30*5  wires  per  whole  inch  of  the  warp 
wires,  and  between  28*5  and  31*5  wires  per  whole  inch  of  the 
shoot  wires.  The  diameter  of  the  wire  should  be  0*0110  inch, 
and  the  average,  as  measured,  shall  not  vary  outside  the  limits 
0*0105  to  001 15  inch. 
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Bureau  of  Standards  Specification  for  Specific- 
Gravity  Flasks 

Material  and  Annealing.— The  material  from  which  the 
flasks  are  made,  shall  be  glass  of  the  best  quality,  transparent,  and 
free  from  striae.  It  shall  adequately  resist  chemical  action  and 
have  small  thermal  hysteresis.  The  flasks  shall  be  thoroughly 
annealed  at  400'  C  to  500*  C.  for  twenty-four  hours,  and  allowed 
to  cool  slowly  before  being  graduated.  They  shall  be  of  sufficient 
thickness  to  ensure  reasonable  resistance  to  breakage. 

Design. — The  cross  section  of  the  flask  shall  be  circular,  and 
the  shape  and  dimensions  shall  conform  to  the  diagram  shown 
in  flg.  134.  This  design  is  intended  to  ensure  complete  drainage 
of  the  flask  on  emptying,  and  stability  of  standing  on  a  level 
surface,  as  well  as  accuracy  and  precision  of  reading.  The  neck 
of  the  flask  shall  be  cylindrical  for  at  least  i  cm.  above  and  below 
every  graduation  mark.  There  shall  be  a  space  of  at  least  i  cm. 
between  the  highest  graduation  mark  and  the  lowest  point  of  the 
grinding  for  the  glass  stopper. 

Capacity. — The  flask  should  contain  approximately  250  c.c. 
when  filled  to  the  zero  graduation  mark. 

Graduations. — The  neck  shall  be  graduated  from  o  to  i  cc, 
and  from  18  cc.  to  24  c.c.  into  o'l-c.c.  divisions.  The  ci-cc. 
graduations  should  be  continued  two  below  the  o  and  two  above 
the  I -c.c.  graduation.  The  graduations  shall  be  of  uniform  width, 
finely  but  distinctly  etched,  and  shall  be  perpendicular  to  the 
axis  of  the  flask.  The  ci-cc.  graduations  shall  be  at  least  i  mm. 
apart.  This  will  require  an  internal  diameter  of  the  neck  not 
greater  than  11*3  mm.  The  i-c.c.  graduations  shall  extend  com- 
pletely around  the  neck  of  the  flask,  and  shall  be  numbered  to 
indicate  the  capacity.  The  o'l-c.c.  graduations  shall  extend  at 
least  halfway  around  the  neck,  and  the  0'5-c.c.  graduations  shall 
have  a  length  about  midway  between  the  other  two.  The  gradua- 
tion marks  shall  have  no  apparent  irregularities  of  spacing. 

Standard  Temperature. — The  flasks  shall  be  standard  at 
20*  C.  The  indicated  specific  gravities  will  then  be  at  20* 
referred  to  water  at  4**  as  unity — that  is,  density  at  20*  in 
grammes  per  ac. 

Inscriptions. — Each  flask  shall  bear  a  permanent  identifica- 
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tion  number,  and  the  stopper  shall  bear  the  same  number.     The 

SPECIFIC  GRAVITY  FUSK 


5  CM 


GROUND  GLAS^ 
STOPPER    -^ 


CApACirror  bulk 

AVPMOII.  >S0  C  C 


Fig.  134. — Diagram  showing  form  and  dimensions  of  specific-gravity  flask. 


standard  temperature  shall  be  indicated  and  the  unit  of  capacity 
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shall  be  shown  by  the  letters  "c.c."  placed  above  the  highest 
graduation  mark. 

Tolerance. — The  error  of  any  indicated  capacity  shall  not  be 
greater  than  005  c.c. 

Interpretation  of  Specification. — ^The  foregoing  specifica- 


1 1 


Fig.  135. — Form  of  briquette  as  recommended  by  the  Committee  on  Uniform 
Tests  of  Cement  of  the  American  Society  of  Civil  Engineers, 

tion  is  intended  to  represent  the  most  desirable  form  of  specific- 
gravity  flask  for  use  in  testing  cements.  Variations  of  a  few 
millimetres  in  such  dimensions  as  total  height  of  flask,  diameter 
of  base,  etc.,  are  to  be  expected,  and  will  not  be  considered 
sufficient  cause  for  rejection.  The  specification  in  regard  to 
tolerance,  inscriptions,  length,  spacing,  and  uniformity  of 
graduations  will,  however,  be  rigidly  enforced. 
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Equivalents  in  lbs.  per  sq.  in.  and  kilos,  per  sq.  cm. 
Erdmenger  test  for  soundness 
Exports  of  cement    . 
Extreme  fineness,  effect  of  . 

Faija  apparatus  for  determination  of  soundness  of  cement 
„  „  „  „       weight  per  bushel 

calcimeter 
cement  gauger 

„       tensile  testing  machine 
machine  for  crushing  tests    . 
„        „    transverse  tests 
on  "  reset "  concrete  . 
on  sea  water  and  cement 
test  for  soundness 
Failures  of  Breeze  concrete 
Feed  gears    .... 
Ferro-concrete,  uses  of 
Final  setting  time 
Fine  dust,  effect  of,  on  aggregates  . 
Fineness,  British  progress  in 
effect  of  extreme  . 
of,  on  output 
of,  on  setting  time  . 
of,  on  soundness     . 
of,  on  weight  per  bushel 
of  prolonged  sieving 
estimation  by  measure 
importance  bf 

„         standard  gauze  wire 
method  of  determination 
of  slurry    . 

standard  period  of  sieving 
Flour  in  milling  practice 
Form  of  briquette,  effect  on  results 
Formulae  for  cement 
Free  lime,  a  misnomer 
Freeman's  patent  hydraulic  pressure  grinder 
French  Government  Specification.    Appendix  V 
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•  130 
132-134 

•  125 

•  39 
40,41 

44 
■     383 

•  195 

•  7-9 
212-214 

189-192 
287,  288 
64-69 
231,  232 
243-246 
252-256 
260 
366-370 

372,  373 
189-192 
346-348 

153-155 

376-378 

.  263 

344,345 
207,  208 

212-214 

220 

269-271 

212-214 

286 

211 

207 

206 

209 

206 

49-52 
211 

157 
227,  228 

305,306 

•  314 
129 

413-419 


Fuel  for  calcination,  coal 

coke    . 

„  „        gaseous 

„     rotary  kilns 
Furnace  ashes,  effect  of,  on  cement 

Gaseous  fuel  for  rotary  kilns 
Gauger,  Faija's  cement 
Gauging,  time  occupied  in  . 

„  various  methods  of 
Gauze  wire,  thickness  of  . 
German  cement  manufacturers  and  adulteration 

„  „  „  declaration 

„      Standard  Specification.    Appendix  IV 
Gilbert's  patent  mixing  silos 
Goreham  semi-wet  process  , 
Grains  of  cement,  shape  of  . 
Griffin  mill 

„         Giant 
Gun,  Cement,  advantages  of 
„  principles  of  . 

Gypsum,  Candlot's  theory  on  action  of 

„        effect  of,  Candlot's  researches  on 

"  Half-burnt,"  treatment  of 
Heat  evolved  during  setting,  cause  of,  discussed 
Heintzel  test  for  soundness 
Hoffmann  continuous  kiln   . 
Hydration  of  cement  in  tube  mill    . 
Hydraulic  modulus,  author's  slide  rule  chart  for  rapid 
calculation  of  . 


104,  107 

107-109 

■    353 

353.  354 


411, 

412 

403-413 

171 

'73 

■  4,35 

156. 

157 

I 39-141 

142, 

143 

378, 

379 

378 

282, 

283 

277 

284 

9 

,93 

271 

276 

452 
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fAGB 
292,  293 

320-323 

97-99 
99-101 

103-117 

101-103 

.     103 

89,90 

94 

90,91 

92,93 
81-84 

87-89 

95.96 

79,  80,  84-87 

91,92 

77 

111,  112 

106,  107 
108,  109 

112,  113 
109 
107 

•  "3 
III 

104-106 

•  103 
no 

.  76 
118,  119 

.  383 
365.  366 

199-205,  401 

294, 295 
.    305 
262,  263 
22-27 
„        more  easily  blended  than  chalk  and  clay       55 
Lime,  free      ........     314 

percentage  of,  depends  upon  care  in  manufacture  .         303-305 

governs  strength        ...     303 
Le  Chatelier's  formulae  .  .     305 

Newberry's  formula  .  .  .         305,  306 


Keate's  apparatus  for  specific  gravity 
Kentish  Ragstone,  analysis  of 
„  „  adulteration 

Kiln,  continuous,  Dietsch 

Hoffmann 
rotary 
Schneider 
Stein 
intermittent,  Batchelor's  patent 
best  shape  of     . 
Burge's  firebrick  grating  for 
induced  draught  for 
Johnson .  .        ^ 

„        modification  of 
maintenance  of .       .      . 
method  of  loading 
subsidiary  for  "  half-burnt " 
ordinary  form  of  .  .  . 

rotary,  air  blast  for      . 

American  successful  adaptation  of 
coal  grinding  for 
coolers  for        . 
dimensions  of  modem 
fuel  supply  for 
general  arrangement  of 
lining  of  .  .  . 

Ransom's  early 
principles  of    . 
rotating  arrangements  for 
usual  types  of . 
Kilns,  intermittent,  drawing  methods  of 
Kilos.,  and  lbs.,  equivalents 
Kinniple  on  plastic  concrete 

Le  Chatelier's  apparatus  for  soundness  test 

„  „    specific  gravity 

formulae    . 

theory  of  setting 
Lias  stones  and  shales,  analysis  of 
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Lime,  proponion,  author's  practice 
„  „  British  Standard  Specification  formula 

„      silicates,  Day  and  Shepherd's  researches 
„      slide  rule  chart  for  rapid  computation 

Limestones,  various.    See  Analyses. 

Lining  of  rotary  kilns 

Loading,  method  of,  for  kilns 

Machinery,  for  dry  process  grinding 
„  general  arrangement  of 

Magnesia  in  excess  undesirable 
Maintenance  of  intermittent  kilns  . 
Manipulative  skill,  value  of 
Mann's  apparatus  for  specific  gravity 
Manufacture,  early  methods  of 
Margetts'  patent  slurry  sieve 
Memoranda  for  testing  room 
Method  of  preparation  of  neat  briquette: 

Methods  of  gauging 

Michaelis  on  sea  water  and  cement 

„         testing  machine   . 
Michele's  form  of  briquette 
„        testing  machine  . 
Microscope,  use  and  value  of 
Mills,  Bradley  three-roll 

„      ball      .... 

„      „    for  thick  slurry  process   . 

„      edge-runner    . 

„     tube     .... 
Millstones,  dry 

„  „    arrangement  of 


Mixers  for  slurry 

Mixing  silos  for  dry  process 

„  „  „         Gilbert's  patent 

Modulus,  hydraulic  . 
Molitor  compound  ball  and  tube  mill 
Mud,  estuarial,  analysis  of.     See  Analyses. 
Natur.^l  cement    . 
Neate's  dynamic  grinder 


Portland  Cement 


■    306 
305,306 


Organic  matter  in  sluny    . 
Output,  efTect  of  fineness  on 

„       of  Bradley  mill 

„       of  Griffin  mill 
Oxide  of  iron,  function  of 

Pasley's  experiments 

Piles,  reinforced  concrete 

Pipes,  slurry . 

Plan  of  dry  process  plant 

"  Plastic  concrete,"  Kinniple  on 

Power  units,  separate  preferable 

Proportioning  aggregates,  method  of 

Pumps,  slurry 


Ragstonb,  Kentish,  adulteration  with 

Ransome's  early  rotary  kiln 

Raw  materials  (tee  also  Appendix  II) 

„  „  requisites  of .  .  .  . 

Reinforced  concrete,  chief  uses  of  , 
„        pile. 
„  „        principles  of  . 

"  Ke-set"  concrete,  Faija  on  .  .  , 

Rise  of  temperature  during  setting,  discussion  of  ci 
Rotary  clinker  crushing  rolls 
Rotary  drying  drums  .  ,  .  , 

Rotary  kilns  ...... 

„         „      air  blast  for      .  .  .  . 

„        „      American  successful  adaptation  of 

„        „      cement,  grinding  of    . 

.,        „  „        properties  of. 

,.        „      coal  grinding  for 

.,         „       coolers  for       .  .  .  , 

„        „      Crampton's  original    . 


358-360 
47,48 


11-34 

377,  378 

-  377 
376,  377 
366-370 
271-276 

.  iz6 
16s,  166 
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Silo,  Gilbert's  patent  mixing  171--173 

Slag  adulteration      .......    322 

Slurry,  analysis  of,  rapid  volumetric  69,  70 

coarse,  effect  of       .  -51 

correct  composition  of         .  .  73, 74 

elevator,  belt  and  bucket  '39 

„        wheel  40, 41 

examples  of  .  •      5 1 

fineness  of    ...  .  49- 50 

mixers  for     .  52,  55 

organic  matter  in     .  -73 

pipe  outlet    .  .46 

pipes  -45 

pumps  .  47}  4B 

sampling,  method  of  7i»  72 

sieve,  Clark's  -57 

„      Margetts'  patent  55-57 

testing  ......  58-73 

„      all  important  ...      70 

titration  test  for       .  69,  70 

Smith  on  concrete  for  harbours       ....         369,  370 

Solo  compound  ball  and  tube  mill  .  -153 

Soundness  of  cement,  all  important  .186 

Bauschinger  apparatus  for  .  196-199 

boiling  test  for         .  194,  195 

cold  water  tests  for  .  188,  189 

Deval  test  for  .  192,  194 

effect  of  coarse  particles  on  .         204,  205 

„        fineness  on  .  212-214 

Erdmenger  high-pressure  steam  test  for        195 
Faija  test  for  .  .  .         189-192 

Heintzel  red  heat  ball  test  for  -195 

Le  Chatelier  apparatus  for  .  199-205,  401 

anomalies  of  201-205 
188-200 

195,  196 
393-402 
413-419 
403-412 
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method  of  testing    . 
test-tube  test  for 
Specification,  British  Standard.     Appendix  III     . 
„  French  Government.     Appendix  V 

German  Standard.     Appendix  IV  . 

defines  natural  and  arti- 
ficial cements     . 
omits  accelerated  tests  for 
soundness 
U.S.A.  Government.    Appendix  VI 
Specifications,  various,  discussed    .  .    '        . 
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•  338 
420-444 

329-338 
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Titration  test  for  slurry        .... 

PAGB 
69,70 

Toothed-roller  crusher 

.        123 

Transverse  tests       ..... 

259,200 

„          yy    Faija  machine  for 

260,  261 

Tube  mill,  wet          ... 

-      45 

Tube  mills     .... 

i49-«5i 

„         hydration  o^  cement  in  . 

.     151 

Types  of  briquettes  ..... 

226-228 

UN.SOUNDNESS,  causes  Q^  . 

186,  187 

yy             distinct  kinds  of    . 

187,  188 

U.S.A.  Government  Specification.    Appendix  VI 

420-444 

Useful  memoranda  for  testing  room 

381,  3«2 

ViCAT  needle,  description,  illustration,  and  use  of 

263-265,  399-401 

Volumetric  analysis  of  slurry,  rapid 

69,70 

Warehouses,  automatic  emptying 

160,  161 

,,             general  arrangement  of 

.     157 

„             silos.            .... 

157-163 

„             special  chute  for      . 

158,  159 

Washing,  importance  of  thorough  . 

49-52 

Washmill      ...... 

35-37 

„        grating      ..... 

•      39 

„        harrows  and  tines,  various 

40-42 

„        method  of  feeding 

n.  38 

„        washdown  process 

42,  43 

Water,  effect  of  excess  of     . 

223-225 

„      excess  preferable  to  insufficiency    . 

.     360 

„      ideal  proportions  of             .            .            . 

360,  361 

„      percentage,  detennination  of,  for  testing    . 

.     223 

Weight  per  bushel    ..... 

285-288 

„             „        effect  of  age  on 

.     285 

„             „               „      fineness  on 

.    286 

„             „        Faija  apparatus  for 

287,  288 

„             „        of  no  value  to  user 

.     285 

Wet  millstones 

43-45 

„            „         Addison-Potter's  patent 

.      44 

„            „         dress  of       . 

44 

„    process  ...... 

35-38 

„   tube  mill            ..... 

.      45 

Wheel  elevator  for  clinker  .... 

.     125 

„          „        slurry     .... 

40,  41 

Wire,  thickness  of  sieve       .... 

209,  210 
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V  MAKERS   OF   PLANT,  MAOHMERT,  ETC. 

,  USED  IN  ITS  PBODUOTION. 


Adie,  Patrick.  34-26  TotkiU Street,  Westminster,  London,  S.W.  . . 
Associated    Portland    Cement    Manufacturers    (1900),    Ltd. 

Portland  House,  Fenckurck  Street,  London,  E.C. 

AvERV,  W.  &  T.,  Ltd,     Soho  Foundry,  Birmingham        

British    Portland   Cement    Manufacturers,   Ltd,      4   Lloyds 

Avenue,  London,  E.C. 

Casebourne  &  Co.,  Ltd.     H<rvertm-Hill-on-Tees 

Eastwood  &  Co.,  Ltd.  Belvedere  Ro&d,  Lambeth,  London,  S.E.  . . 
Electro  Metals  Ltd,     9J  Union  Court,  Old  Broad  Street,  London, 

E.C.         

Gilchrist,  Alex.     31  Eglinton  Street,  Glasgow        

Greaves,  Bull  &  Lakin,  Ltd.     Harbury,  Leamington 

GkiFFiN,  John  J.  &  Sons,  Ltd,     Kemble  Street,  Kingsway.  London, 

WC        


ADVERTISEMENTS. 


THE    **  AVERY"     PATENT     DU8TLES8 

AUTOMATIC  CEMENT  WEIGHER 

CAN   BE   FITTED  WITH   PATENT  DUST  TRAP  FOR   DISCHAftQE. 


AUTOMATIC  WEIGHERS  .c  .»rpu»  ro. 
CLINKER,  GYPSUM,  SHALE,  LIMESTONE,  GOAL,  etc. 

EITHER     INDIVIDUAL     MACHINES,    OR    COMBINED     MACHINES 

WEIGHING    TWO    OR    M0:5E    MATERIALS    SIMULTANEOUSLY 
FOR    MIXING     PURPOSES. 


W^         aiirnU  ^^"^    FOUNDRY, 

.  &  1.  AVlRY  LTD.,  BIRMINGHAM 


[ADVERTISEMENTS. 


The  Associated 
Portland  Cement 

Manufacturers 


(1900).  LIMITED 

Proprietors  of  the  LEADING  BRANDS  of 

ENGLISH   PORTLAND  CEMENT, 

INCLUDING 

"J.B.White  &  Bros."  "Robins  &  Co."      "  Exldystone." 

"  Hilton,  Anderson  &  Co."     "  Vectis."  "  Burham." 

"  Nine  Elms."  "  Lighthouse."  Gillingham  "  Hand.' 

"  Pyramid."  "  Gibbs  &  Co."        "  Anchor." 


Manufactured  solely  from  the  finest  materials  under 
the  most  approved  scientific  methods  and  with 
the  most  up-to-date  plants  in  the  United  Kingdom. 


The    World    Wide    Reputation    of    these    Brands    of 

PORTLAND   CEMENT 

is  known  to  every  user,  and  none  are  so  largely  specified  by 

Architects  and  Engineers. 


OFFICES  : 

Portland  House,   Fenchurch  Street,   London,  E.G. 

Telegrams :  '*  Portland,  London."        Tel.  No.  5690  Avenue  (Private  Exchange). 

Agents  throughout  the  United  Kingdom  and  in  the 

principal  Elxport  Markets.  ' 


ADVERTISEMENTS. 


ADIE'S 

Cement  Testing  Machines 

UmJ  bj  the  Admirmlty,   W>r  OfBce,   Home,  Indian,  Colonwl, 

ami  Foreign  CoremnientB,  Countr  CoonoU,  Ac,  C«nient 

Manubtctoren,  ContnMtmr*,  dkc^  Ac 


MOULDS,  CLIPS,  &c.,  in  accordance  with  the  British 
Standards  Specification  for  Portland  Cement. 


For  particulan  of  this  and  other  Cement  Testing  MacUnes,  and  Apparatus 
used  for  the  Teiling  of  Cemenl,  apply 

PATRICK     ADIE 

BROADWAY   WORKS, 
24-26    TOTHILL    STREET,   WESTMINSTER,    S.W. 

Factory;    46   HORSEFERRY    ROAD,  S.W. 


ADVERTISEMKNTS, 


g                                              ADVERTISEMENTS. 

FOR 

FOR 

RAW  MILL 

RAW  MILL 

CUNKER 

CUNKER 

MILL 

MILL 

COAL 

COAL 

GRINDING 

GRINDING 

Original  "Betli"  Filter  Patent 


INDUSTRIAL    INSTALLATIONS 

FOR 

DUST    REMOVING 

AND 

DUST     COLLECTING. 


STACHOW  &  CO. 

39  Victoria  Street,    Westminster. 
LONDON,   S.W. 

Telegraphic   AddreM        -       "  CARUFEST,   VIC^   LONDON  " 

Codes:    A. B.C..    LIEBER'S,    WESTERN    UNION, 


0 

« 
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PIONEER     BRAND 

PORTLAND    CEMENT 


A  Slow-setting   Portland   Cement  of 
Unrivalled   Quality. 

Specially  suitable  for 

Ferro-Concrete   Constructions. 

Manufactured  by 

CASEBOURNE  &  CO.,  Ltd. 

HAVERTON    HILL-ON-TEES. 

W^arrantol  absolutely  free  from  tbe  admixture  of  Sl^ 
or  any  other  Adulterant. 

Telephone  No-: 
379.   MIDDLE9BROUOH. 


■Aoinuuu 


uu. 


ilU. 


HEAD     OFFICE: 

BELVEDERE    ROAD,  LAMBETH,  S.E. 

All  Cement  supplied   Is  guaranteed   up 
to  the  Standard  Specification. 


SappHes  In  any  qtumtities,  eOher  ty  Bargt  alongside,  (n  Track  Loaiis, 
or  delivety  on  to  Works  in  Van  Loads,  as  rvjulrtd. 


DEP^TTBi 


WELLINGTON  WHARF.  BELVEDERE  RD. 
UPPER  GROUND  ST.,  BUCKFRIAR8. 
CANAL    BRIDQE    WHARF,    OLD     KENT 

ROAD. 
THORNTON  HEATH. 

PHCENIX  WHARF,  QREENWICH.  i 

CATFORD  6IDINQ,  8.E.  RAILWAY. 
FERRY  WHARF,  WOOLWICH. 
INVICTA  WHARF,  WANDSWORTH. 
KEN8AL  GREEN   WHARF,   KENSAL 

GREEN. 


SUDBURY  AND  WEMBLEY. 
ST.  MARY'S  WHARF,  MORTUKE. 
TEDDINQTOH  WHARF,  TEDDINQTOH. 
THE  SQUARE,  ISLEWORTH. 
WEYBRIDGE  WHARF,  WEYBRIDGE. 
LEA  BRIDGE  WHARF,  CLAPTON. 
CANAL  ROAD,  KINQ8UND. 
HARRINGAY,  Q.N.  RAILWAY. 
WINCHMORE  HILL,  Q.N.  RAILWAY. 
CHURCH  END,  FINCHLEV,  G.N.  RLY. 
ILFORD  WHARF,  ILFORD. 


LIMES,  CEMENTS  AND  BRICKS 

Of   ALL    DESCRIPTIONS   IN   ANY   QUANTITIES. 


ADVERTISEMENTS. 


GREAVES'  PORTLAND  CEMENT 

BatabUihed  1840. 
and  8T0CKT0H, 
Wantlokahlre. 

Output   1800   Tens   Weekly. 

Fine  Grinding  and  Freedom  from  Expansion. 


RHQUIREMENTS    OF    FBRRO-CONCRETE    SPECIALISTS 
READILY   COMPLIED    WITH. 


GREAVES,  BULL  &  LAKIN,  Ltd.,  ^iH^^ 


ALEX.    GILCHRIST 

ffirassfounber, 

CLINTON  STREET,  GLASGOW. 

kes  a  Speoiality  of  cJl  kinds  of 

GRANOLITHIC   OR   CONCRETE 

BRASS  PAYEMENT-ROLLERS 

And  NAME-PLATES, 
And  has  Speolal  Maoiiluer;  for  tbeir  Manuracturs. 

laethoutollt  of  Solid. 

STABLE     ROLLERS    AND    GROOVES, 

HAN  D     STAMPS, 
BORDER     ROLLERS     AND     CRIMPERS. 

PAYEMENT  NAME-PLATES. 

Any  Name  and  Size,  suitable  for  Builders,  Contractors,  Plasterers  and 
Concrete  Workers. 

SEND    FOR    ILLUSTRATED    LIST, 


ADVERTISEMENTS. 


CEMENT  TESTING  APPARATUS 

Made  in  accordance  with  the 
British  Standard  Specification  for  Portland  Cement. 


DOUBLE  LEVER  STANDARD   PATTERN   MACHINE. 


BRIQUETTE    MOULX>S.  VICAT    NEEDLE. 

LE    CHATEUER    APPARATUS. 

STANDARD    SIEVES. 

ANDERSON'S    SPECIFIC    GRAVITY    F1.ASK. 

STANDARD    FLOUROMETER 

(for   the   Esdtnation    of   the   Flour   in   Cement). 

CALCIMETERS. 

And  all  Apparatus  required  for  Cement  Testing. 


JOHN  J.  GRIFFIN  &  SONS,  LfH 

Kembie  Street,  Kiagsway,  Lor*'' 


k-   w 
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ADVERTISEMENTS. 


Wm.  JOHNSON  &  SONS 

ARMLEY,   LEEDS,   En^. 


(LEEDS) 
LTD. 


PIONEERS  AND   ORIGINAL  MAKERS  OF 

BALL  AND   TUBE    MILLS 


IN    GREAT    BRITAIN. 


STILL   AT   THE    HEAD  (1913) 

HAVING    JUST    MADE    AND    SUPPLIED 


THE    LARGEST   MILLS 


IN    THE    COUNTRY. 


COMPLETE    CEMENT    PLANTS 

DESIGNED   AND    EQUIPPED   ON 
ALL    PROCESSES. 


OLD     INSTALLATIONS    RE -MODELLED 
AND    BROUGHT   UP-TO-DATE. 


OUR  MACHINERY  IS  SUPPLIED  UNDER 

GUARANTEE    RE    MATERIALS 

AND    WORKMANSHIP. 


PERSONAL   ATTENTION    GIVEN    TO    ALL    ENQUIRIES. 


ADVERTISEMENTS. 


ESTKBIISHED  lasi 


KAYE  &  CO. 

SOUTHAM    WORKS,    RUGBY. 


flDanufacturere  o( 

PORTLAND  CEMENT 

Prepatcd  from  best  Cement  Rock  of  the 
Lower  Lias  Formation  by  the  most 
modern  methods  of  manufacture,  and  much 
superior  to  the  usual  kinds  made  from 
mixtures  of  chalk  and  clay. 

Mr.   D.  B.   BUTLER  write*:— 

"Its  cementltloue  value,  am  Indicated  by  the  sand  test,  Is  the 
highest  we  hav«  yet  met  with  In  a  commercial  product,  being 
about  double  that  of  most  English   brands." 


Thorough  reliability  demonBtrated  by  ase  on  important 

Building  and  Engineering  Works  for 

upwards  of  50   Years. 


RAYE  &  CO.,  Limited 

Southam  Works,  RUGBY. 


Tel.  !   2,  Southam.  Telegrams  :   ' 

Rulwa)'  SulioQ  ;  Sonlhun  and  Long  Itchinf*' 


^    w 
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R.  H.  MUDD  &  CO 


211  Devonshire  Road,  Chiswick,  London,  W. 

Telegrams—*'  Mudd,  Chiswick.** 


Sole  Owners  and  Manufacturers, 

Faija's  Cement  Testing  Plant 

AWARDED  4   MEDALS  AND   CERTIFICATES. 


MOULDS,  SINGLE,  from  9/6  each,  and  b  Nests  of  3,  S  and  6, 

SIEVES,  CEMENT  MIXERS,  COPPER  TANKS,  SCALES,  and 
APPARATUS  for  Testing  SOUNDNESS  OF  CEMENT  in  few  hours, 

VICAT  NEEDLES,  &c,  &c. 


Contractors  to  British  &  Foreign  Governments,  Railways, 

Corporations,  Councils,  Contractors,  Waterworks, 

and  Cement  Manufacturers,  &c. 


NELSON'S 

HEAVY  PORTLAND  CEMENT  (bS) 

NELSON'S 

BLUE  LIAS  LIME. 

NELSONS 

SELENITIC  CEMENT. 


WOBES  AND  HEAD  OFFICE— 

STOCKTON,    NEAR    RUGBY. 

BBANCH  OFFICES  AND  WAREHOUSES- 
LONDON     .     .     16  South  Wharf,  Paddington,  W. 
MANCHESTER     Lawrence  Buildings,  2  Mount  Street. 
BIRMINGHAM      Cambrian  Wharf,  The  Crescent. 

Delivery  b;  Rail  and  Canal  to  all  parts  of  the  Kingdom,  and 
in  London,  HanohoBter,  and  Birmingham  by  oart. 

Telegrephio  Addrau:   NELSON,  STOCKTON,  RUQBY. 

Telephone  No,;   Southam  6. 

Telephone  No.  .or  London :  135  Paddington.      Telephone  No.  for  Birmingham:  1492. 


ADVERTISEMENTS. 


ROTARY  DRYING  MACHINES 


"RUGGLES'   PATENTS" 

These  are  largely  employed  in  up-to-date  Cement  Plants, 
successfully  dealing  with  a  large  variety  of  materials, 
amongst  which  are 

COAL,  CLAY,  SHALE,  LIMESTONE,  CEMENT  ROCK, 
CEMENT  SLURRY,  SLAG,  &G,  &c 


These  dryers  utilize  over  75%  of  the  heat  of  the  fuel; 
there  is  very  little  loss  by  radiation,  and  the  outer  shell 
is  always  cool;  the  exhaust  from  the  fan  is  never  more 
than  a  few  degrees  above  atmospheric  temperature. 


FO/{    PARTICULARS   APPLY    TO 

ELECTRO   METALS    L™- 

9.i   Union  Court,   Old  Broad  Street, 
LONDON,   E.G. 

Tclegnma ;  Telephone  ; 

"  ProceiHS,  Ave.,  London."  London  Wall,  4306  {2  lines). 


WEST    BROMWIOH 


MANUFACTURERS     OF 

Cement    Testing 

niACHINES 

TO    "STANDARD"    REQUIREMENTS. 


A3  Supplied  to  the  British  Government,  Municipai  and  olfler 
Corporations,  leading  Contractors,  do.  dc. 

DYNAMOMETERS  for  Iratins  Wire,  Chain,  Ro|«.-,  Sc. 

LOCOMOTIVE  and  all  kinds  of  SpHnff  Balances. 

PRESSURE    GAUGES    on  Bourdon's  and   SrltiifTcr's  systems,  for 

Steam,  Vacuum,  (las,  &c. 
HYDRAULIC  Gauges  tvith  Fat.  Mechanism  for  ,Max.  Pointer. 
SPRINGS  of  Steel,  Phosphor  Bronze,  ,^-c. 
SPRING   WASHERS  (Thackray's)  kec|i  bolls  tight. 
BOILER  TUBE  SCRAPERS.     SIGNAL  BELLS. 


LONDON    OFFICE   ^"^^^r"-^ 

101    Ueadenlictll    Sti*eet,    E.G. 


iS  At)VERTlSEMENTS. 


SHEED,  DEAN 


LIMITED, 

SITTINGBOURNE. 


SOXi3B      :Nff.A.lSrTJI='-A.OTTJIt3BR3      O^ 

S.D.    Brand 
Medway    Portland    Cement 

ABSOLUTELY    FREE    FROM    ANY 

ADULTERATION. 


The  Chalk  and  Clay  from  which  this  brand  of 

Cement   is    manufactured    have   been   analysed 

by  the  highest  authorities  on  Portland  Cement, 

and  certified  to  be  of  the  best  quality. 


Testimonials  from  Government,  London  County, 
Metropolitan  Borough,  and  other  Council  Con- 
tracts; also  from  Contractors  for  Reservoirs,  Main 
Drainage,   Sea    Defence,  and    many  other  works. 


Works :  MDRSTON,  SnTINGBODRNE,  KENT 

Telephone :  Telegrams : 

12,   8ITTINQBOURNE  '<8MEEDEAN,   SITTINGBOURNE." 


^* 


ADVER'nSEMENTS. 

Telegrams : 
"CONSTRUCTIVE  IRONWORKS.  MILLEAST,  LONDON." 
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Telephone  No.  : 
EAST,  3764  {2  fines). 


MATT*  T.  SHAW  &  CO. 


Chief  Offices 


MILLWALL,  E. 


HIGH-CLASS    CONSTRUCTIONAL 

STEEL  AND   IRON  WORK 


FOR 


ARCHITECTS,    ENGINEERS,    &c. 

On  Admiralty  and  War  Office  special  "  Manufacturers'  List." 
VERY    PROMPT   DELIVERIES   GUARANTEED   WHEN    REQUIRED. 

11,000  TONS  STEEL  IN  STOCK. 


Steel  Riveted  BuDt-up   Girders   and 
Stanchions  of   all   Shapes. 

Steel    Solid    Columns    Machined    and    Fitted. 

Cast-iron   Columns,  Stanchions,   Girders, 

Tanks,   Gutters,  &c 

Large    Stocks    of    Steel    Joists,    Channels, 

Tees,   and   Angles,   Plates, 
Flat,   Round    and    Square    Bars,   &c.   &c. 

Wrought-Iron    Doors,  Windoivs,   &c 


Laty^e  Stocks  of  above  in  BRITISH  STEEL  at 

LONDON  CONSTRUCTIVE  IRON  AND  STEEL  WORKS, 


ADVERTISEMENTS. 


ADVERTISEMENTS. 
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32  ADVERTISEMENTS. 

TH^MAXECON  mTlL 

A   PERFECTION   OF  THE   KENT   PRINCIPLE   FOR   CEMENT  WORK. 

270 

MILLS   ALONE 
IN     EUROPE 

Large    numbo'    of 
Subsequent  Orders 

For  finished 
i  or  preliminary  grinding. 

9v     Iq     Saving. 

-       -_  25  H.P. 

Only  Timber  Foundation.     Runs  Practically  Noiseless. 

Capacity  :  From  2    to  4  tons  p.K.  finislied  product  I  ROTARY 

From  3A  to  6  tons  p.h.  preliminary  grinding  )  CLINKER. 

Guaranteed   to   Increase   Capacity '  of  any  Tube   Mill 
.    .    with  simultaneous  Reduction  of  Horse  Power    .    . 

Catalogues,  Drawings,  References  and  Testimonials 
on  application. 

Several  New  Plants  being  Built  Every  Month 

MAXECON  means  MAXimum  ECONomy  in  grinding 

Cement-clinker,  Raw  Material  and  Coal.      Can  be  installed  in 
connection  with  any  existing  machinery. 

Engineer    C.  VON    GRUEBER,     Millwright 

Sole  Consignee  of  Kent  Mill  Co.,  New  York, 
MACHINERY  for  CEMENT,  UME  and  CHEMICAL  INDUSTRIES 
31-33  HIGH  HOLBORN,  LONDON,  W.C. 


ADVERTISEMENTS. 


The 


Fuller-Lehigh  Pulverizer  Mill 

Produces 
Commercially 

Cement  having  a  higher  per- 
centage of  Impalpable  Powder 
than  Ccin  be  obtained  by  any 
other  mill.  Tests  show  that 
the  tensile  strength  of  a  1-5 
mortar  made  with  cement  pul- 
verized by  the  Fuller  Mill  is 
higher  than  the  tensile  strength 
of  a  1-3  mortar  made  with 
■cement  pulverized  to  the  fineness  required  by  the 
Standard   Specifications. 


LEHIGH 

CAR,  WHEEL  AND  AXLE 
WORKS 

Catasauqua,  Fa.,  U.S.A. 

For  ParHculars  apply  to 

CUUDIUS  PETERS,  K„srr.'„„. 

Hamburg,  Germany, 
GlockengiesMTwall  2  Wallhof. 

Cubic  Addren  :  C»rw)ieeL 


InpalpaUe  Powder 
Real  Cement 

in  evarr  baml  of 

caBMiit   produced  bj 

TIm  Fuller  Mill 

than  bj  anj  other. 
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AGRICULTURE 

Hemp.  A  Practical  Treatise  on  the  Culture  for  Seed  and  Fibre. 
By  S.  S.  Boyce.  13  illus.,  112  pp.,  crown  8vo.  {New 
York,  1900.)    2s.  6i.  net. 

Farm  Drainage.  By  H.  F.  French.  100  illus.,  284  pp., 
crown  8vo.     {New  York,  1904.)    4s.  6d,  net. 

Talks  on  Manures.  By  J.  Harris.  New  edition,  366  pp., 
crown  8vo.     {New  York,  1893.)    6s.  6d.  net. 

GofFee,  its  Culture  and  Conunerce  in  all  Countries.  By  G.  G. 
W.  Lock.    II  plates,  274 pp.,  crown  8vo.     {1888.)    12s.  6d. 

Sugar,  a  Handbook  for  Planters  and  Refiners.  By  the 
late  J.  A.  R.  Newlands  and  B.  £.  R.  Newlands.    236 

illus.,  876  pp.,  8vo.     {1909.)    £1  5s.  net. 

Hops,  their  Cultivation,  Commerce  and  Uses.  By  P.  L. 
Simmonds.    143  pp.,  crown  8vo.     {1877.)    4s.  6d. 

Estate  Fences 9  their  Choice,  Construction  and  Cost.  By  A: 
Vernon.  Re-issue,  150  illus.,  420  pp.,  8vo.  {1909.) 
8s.  6d.  net. 


ARCHITECTURE  AND  BUILDING 

The  Hydropathic  Establishment  and  its  Baths.  By 
R.  O.  Allsop.      8  plates,  107  pp.,  demy  8vo.     {1891,) 

The  Turkish  Bath,  its  Design  and  Construction.  By  R.  O. 
Allsop.    27  illus.,  152  pp.,  demy  8vo.     {1890.)    6s. 

The  Builder *s  Glerk.  By  T.  Bales.  Second  edition,  92  pp., 
fcap.  8vo.     {1904.)    is.  6d. 

Glossary  of  Technical  Terms  used  in  Architecture  and  the 
Building  Trades.  By  G.  J.  Bums.  136  pp.,  crown  Svo. 
{1895.)    3s.  6d. 

Ghinmey  Design  and  Theory.  By  W.  W.  Ghristie.  Second 
edition,  54  iUus.,  200  pp.,  crown  8vo.  {New  York,  1902.) 
I2S.  6d,  net. 

Approximate  Estimates.  By  T.  £•  Coleman.  Third  edition, 
481  pp.,  oblong  32mo,  leather.     {1907.)    5s.  net. 


SCIENTIFIC  BOOKS. 


Stable  Sanitation  and  Construction.    By  T.  £•  Coleman. 

183  illus.,  226  pp.,  crown  8vo.     (1897,)    6s. 

House  Plans  and  Building  Construction  for  General  Contrac- 
tors and  House  Builders.  By  M .  M .  Dustman.  511  illus., 
239  pp.,  oblong  folio.     {New  York,  1912.)    8s.  6rf.  net. 

Architectural  Examples  in  Brick,  Stone,  Wood  and  Iron. 
By  W..  Fullerton.  Third  edition,  245  plates,  254  pp., 
demy  4to.     (1908.)     15s.  net 

Bricklaying  System.  By  F.  B.  Gilbreth.  240  illus.,  321 
pp.,  8vo.     {New  York,  1909.)    12s.  6d.  net. 

Field  System.  By  F.  B.  Gilbreth.  194  pp.,  i2mo,  leather. 
{New  York,  1908.)    12s.  6d.  net. 

The  Economics   of  Contracting.    By  D.   J.   Hauer.    10 

illus.,  viii  +  269  pp.,    crown    8vo.     {New    York,    1911.) 
125.  net. 

The  Clerk  of  Works*  Vade  Mecum.    By  G.  G.  Hoskins. 

Eighth  edition  in  preparation. 

Paint  and  Colour  Mixing.  By  A.  S.  Jennings.  Fourth 
edition,  14  col.  plates,  190  pp.,  8vo.     {1910.)    5s.  net. 

A  Handbook  of  Formulae,  Tables,  and  Memoranda  for 
Architectural  Surveyors.  By  J.  T.  Hurst.  Fifteenth 
edition,  new  impression,  112  illus.,  viii  +  512  pp.,  royal 
32mo,  roan.     {1912.)    5s.  net. 

Quantity  Survejring.  By  J.  Leaning.  Fifth  edition,  new 
impression,  936  pp.,  8vo.     {1912.)    £1  55.  net. 

Builders*  Quantities.  By  H.  M.  Lewis.  6  illus.,  44  pp., 
crown  8vo.    (S.  &  C.  Series,  No.  40.)    {1911.)  is.  6d.  net. 

Obstruction  to  Light.  A  Graphic  Method  of  determining 
Problems  of  Ancient   Lights.    By  H.   B.   Moles  worth. 

9  folding  plates,  4to.     {1902.)    6s.  net. 

Suburban  Houses.  A  series  of  practical  plans.  By  J.  H. 
Pearson.  46  plates  and  12  pp.  text,  crown  4to.  (1905.) 
75.  6d.  net. 

Solid  Bitumens,  their  Ph5rsical  and  Chemical  Properties.  By 
S.  F.  Peckham.  23  illus.,  324 pp.,  8vo. ,  {New  York,  1909.) 
£iis. 

Roman  Architecture,  Sculpture  and  Ornament.  By  G.  B. 
Piranesi.  200  plates,  reproduced  in  facsimile  from  the  origi- 
nal.   2  vols.,[imperial  folio,in  wrappers.   {1900.)    £2  2S.  net. 
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The  Seven  Periods  of  English  Architecture,  defined  and 
illustrated.  By  E.  Sharpe.  Third  edition,  20  steel  plates, 
royal  8vo.     (1888.)    12s.  6d, 

Our  Factories,  Workshops  and  Warehouses,  their  Sanitary 
and  Fire-Resisting  Arrangements.    By  B.  H.  Thwaite. 

183  illus.,  282  pp.,  crown  8vo.     (1882,)    9s. 

Elementary  Principles  of  Carpentry.  By  T.  Tredgold 
and  J.  T.  Hurst.  Eleventh  edition,  48  plates,  517  pp., 
crown  8vo.     (1904,)     12s.  6d. 

Treatise  on  the  Design  and  Construction  of  Mill  Buildings« 
By  W.  G.  Tyrrell.  652  illus.,  490  pp.,  demy  8vo.  (New 
York,  1911.)     17s.  net. 

Practical  Stair  BuUding  and  HandraUing.  By  W.  H. 
Wood.    32  plates,  91  pp.,  crown  4to.     (1894.)    los.  6rf. 

Spons*  Architects*  and  Builders*  Pocket  Price -Book  and 
Diary,  1913.  Edited  by  Clyde  Young.  Revised'iby 
Stanford  M.  Brooks.  Fortieth  edition,  viii  +  308  pp., 
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net. 

Spons*  Practical  Builders*  Pocket  Book.  Edited  bv 
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+  456  pp.,  i6mo,  maroon  leather  cloth  (1913).    5s.  net. 
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Guns  and  Gun  Making  Material.    By  G.  Ede.    xii  +  74  pp. 

crown  8vo.     (1889.)    6s. 
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nance.   By  J.  A.  Longridge.    180  pp.,  8vo.  (1884.)  £1  5s. 

The  Progress  of  Artillery  :  Naval  Guns.  By  J.  A.  Long- 
ridge.   3  illus.,  viii  +  44  pp.,  8vo,  sewed.     (1896.):  ]z$. 

The  Field  Gun  of  the  Future.  By  J.  A.  Longridge.  28  pp., 
8vo,  sewed.     (1892.)    2s.  6d. 

AVIATION 

The  Atmosphere,  its  Characteristics  and  Dynamics.  By 
F.  J.  B.  Cordeiro.  35  illus.,  129  pp.,  small  4to.  (New 
York,  1910.)    10s.  6d.  net. 
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Theory  and  Practice  of  Model  Aeroplaning.  By  V.  £. 
Johnson.  6i  illus.,  xvi  +  148  pp.,  crown  8vo.  {1910,) 
3s.  (d.  net. 

The  Gjrroscope,  An  Experimental  Study.  By  V.  £.  Johnson. 

34  illus.,  40  pp.,  crown  8vo.     (S.  &  C.  Series,  No.  22.) 
{1911, )    IS.  (>d,  net. 

Natural  Stability  and  the  Parachute  Principle  in  Aero- 
planes. By  W.  Le  Maitre.  34  illus.,  48  pp.,  crown 
8vo.     (S.  &  C.  Series,  No,  39.)     {1911,)    is.  6rf.  net. 

How  to  Build  a  20-ft.  Bi-plane  Glider.    By  A.  P.  Morgan. 

31  illus.,  60  pp.,  crown  8vo.     (S.  &  C.  Series,  No.  14.) 
{New  York,  1909,)     is.  6i.  net. 

Flight -Velocity.  By  A.  Samuelson.  4  plates,  42  pp.,  8vo, 
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net. 

Stresses  in  Girder  and  Roof  Frames,  for  both  dead  and 
live  loads,  by  simple  Multiplication,  etc.  By  F.  R.  John- 
son.   28  plates,  215  pp.,  crown  8vo.     {1894.)    6s. 

A  Graphical  Method  for  Swing  Bridges.    By  B.  F.  La  Rue. 

4 plates,  104pp.,  i8mo,  boards.     {New  York,  1904.)    2S.  net. 

Bridge  and  Tunnel  Centres.  By  J.  B.  McMasters.  Illus- 
trated, 106  pp.,  i8mo,  boards.     {New  York,  1893.)     2s.  net. 

Notes  on  Cylinder  Bridge  Piers  and  the  Well  System  of 
Foundations.    By  J.  Newman.    144  pp.,  8vo.     {1893.)  6s. 

Calculation  of  Columns.  By  T.  Nielsen.  4  plates,  36  pp., 
8vo.     {1911.)    4s.  (d.  net. 

A  New  Method  of  Graphic  Statics  applied  in  the  Construc- 
tion of  Wrought  Iron  Girders.  By  E.  Olander.  16  plates, 
small  folio.     {1887.)    los.  6d, 

Steel  Bar  and  Plate  Tables.  Giving  Weight  of  a  Lineal 
Foot  of  all  sizes  of  L  and  T  Bars,  Flat  Bars,  Plates,  Square 
and  Round  Bars.  By  £.  Read.  On  large  folding  card. 
{1911.)     IS.  net. 

Reference  Book  for  Statical  Calculations.    By  F.  Ruff. 

With  diagrams,  140  pp.,  crown  8vo.     {1906.)    5s.  net. 

Suspension  Bridges  and  Cantilevers.  By  D.  B.  Stein- 
mann.  vii  +  185  pp.,  i8mo,  boards.  (Van  Nostband 
Series,  No,  127.)     {New  York,  1911.)    2s.  net. 
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The  Strength  and  Proportion  of  Riveted  Joints.    By  B.  B. 
Stoney.    3  illus.,  87  pp.,  8vo.     (1885.)    5s. 

The  Anatomy  of  Bridgework.    By  W.  H.  Thorpe.    103 

illus.,  190  pp.,  crown  8vo.     (1906,)    6s.  net. 


CEMENT   AND    CONCRETE 

Portland  Cement,  its  Manufacture,   Testing  and   Use.    By 

D.  B.  Butler.     Third   edition,    135   illus.,   including  17 
plates,  xii  +  450  pp.,  8vo.     (1913.)    16s.  net. 

Theory  of  Steel-Concrete  Arches  and  of  Vaulted  Struc- 
tures. By  W.  Cain.  Fourth  edition,  27  illus.,  212  pp., 
i8mo,  boards.     (New  York,  1906.)    2s.  net. 

Reinforced  Concrete  Construction.    Elementary  Course. 

By  M.  T.  Cantell.    65  illus.,  135  pp.,  crown  8vo.     (1911.) 

45.  6d.  net. 
Reinforced    Concrete    Construction.    Advanced    Course. 

By  M.   T.    Cantell.    242    illus.,   xvi  +  240    pp.,  super 

royal  8vo.     (1912.)    12s.  6d.  net. 

Graphical  Reinforced  Concrete  Design.  A  series  of  Dia- 
grams on  sheets  (measuring  17 J  in.  by  22 J  in.)  for  Design- 
ing and  Checking.  With  48-page  pamphlet.  By  J.  A. 
Davenport.    Complete  in  roU.     (1911.)    5s.  net. 

Cement   Users'   and   Buyers*   Guide.    By   Calcare.    115 

pp.,  32mo,  cloth.     (1901.)    is.  6d.  net. 

Diagrams  for  Designing  Reinforced  Concrete  Structures. 
By  G.  F.  Dodge.  31  illus.,  104  pp.,  oblong  foho.  (New 
York,  1910.)    17s.  net. 

Cements,  Mortars,  and  Concretes ;  their  Physical  proper- 
ties. By  M.  S.  Falk.  78  illus.,  176  pp.,  8vo,  (New  York, 
1904.)    10s.  6d.  net. 

Concrete  Construction,  Methods  and  Cost.  By  H.  P. 
Gillette  and  C.  S.  Hill.  310  illus.,  690  pp.,  8vo.  (New 
York,  1908.)    £1  15.  net. 

Engineers'    Pocket   Book   of  Reinforced    Concrete.    By 

E.  L.  Heidenreich.    164  illus.,  364  pp.,  crown  8vo,  leather, 
gilt  edges.     (New  York,  1909.)    12s.  6d.  net. 

Concrete  Inspection.  By  C.  S.  Hill.  15  iUus.,  179  pp., 
i2mo.     (New  York,  1909.)    4s.  6d,  net. 
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Works  by  A.  A.  HOUGHTON. 

Practical  Silo  Construction.  i8  illus.,  69  pp.,  cr.  8vo. 
(S.  &  C.  Series,  No.  27.)     (New  York,  1911.)     is.  6d.  net. 

Moulding  Concrete  Chimneys,  Slate  and  Roof  Tiles.    15 

illus.,  61  pp.,  or.  8vo.     (S.  &  C.  Series,  No.  28.)     (New 
York,  1911,)    IS.  6d,  net. 
Moulding  and  Curing  Ornamental  Concrete.   5  illus.,  58  pp., 
cr.  8vo.     (S.  &  C.  Series,   No.  29.)     (New  York,  1911.) 
IS.  6d,  net. 

Concrete  Monuments ,  Mausoleums  and  Burial  Vaults. 

18  illus.,  65  pp.,  cr.  8vo.     (S.  &  C.  Series,  No.  31.)     (New 
York,  1911.)     IS.  6d.  net. 

Concrete  Floors  and  Sidewalks.  8  illus.,  63  pp.,  or.  8vo. 
(S.  &  C.  Series,  No.  32.)     (New  York,  1911.)    is.  6d.  net. 

Moulding  Concrete  Baths,  Tubs,  Aquariums  and  Nata- 
toriums.  16  illus.,  64  pp.,  or.  8vo.  (S.  &  C.  Series, 
No*  33.)     (New  York,  1911.)     is.6d.net. 

Concrete  Bridges,  Culverts,  and  Sewers.  14  illus.,  58  pp.,  cr. 
8vo.  (S.  &  C.  Series,  No.  34.)  (New  York,  1912.)  is.  6d.,  net. 

^Constructing  Concrete  Porches.  18  illus.,  62  pp.,  or.  8vo. 
(S.  &  C.  Series,  No.  35.)     is.  6d.  net. 

Moulding  Concrete  Flower-Pots,  Boxes,  Jardinieres,  etc. 
8  illus.,  52  pp.,  or.  8vo.  (S.  &  C.  Series,  No.  36.) 
(New  York,  1912.)     is.  6d.  net. 

Moulding   Concrete    Fountains    and    Lawn    Ornaments. 

14  illus.,  56  pp.,  crown  8vo.     (S.  &  C.  Series,  No.  37.) 
(New  York,  1912.)     is.  6d.  net. 


Reinforced  Concrete.  By  £.  McCulloch.  28  illus.,  128 
pp.,  crown  8vo.     (New  York,  1908.)    6s.  6d.  net. 

Concrete  and  Reinforced  Concrete.    By  H.  A.  Reid.     715 

illus.,  884  pp.,  royal  8vo.     (New  York,  1907.)    £1  is.  net. 

Theory  and  Design  of  Reinforced  Concrete  Arches.  By  A. 
Reuterdahl.  41  illus.',  126  pp.,  8vo.  (New  York,  1908.) 
8s.  6d.  net. 

Specification  for  Concrete  Flags.  Issued  by  the  Institution 
of  Municipal  and  County  Engineers.  Folio,  sewed. 
(1911.)    2s.  6d.  net. 
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Practical  Cement  Testing.  By  W.  P.  Taylor.  With  142 
illus.,  329  pp.,  demy  8vo.     {New  York,  1906,)     12s.  6d.  net. 

Concrete  Bridges  and  Culverts.    By  H.  G.  Tyrrell.    66 

illus.,  251  pp.,  crown  8vo,  leather.     12s.  6d.  net. 

CIVIL    ENGINEERING 

Canals,  Surveying. 
{See  also  Irrigation  and  Water  Supply.) 

Practical  Hints  to  Young  Engineers  Employed  on  Indian 
Railways.  By  A.  W.  C.  Addis.  14  illus.,  154  pp., 
i2mo.     {1910.)    3s.  6d,  net. 

Levelling »  Barometric,  Trigonometric  and  Spirit.  By  I.  O. 
Baker.  Second  edition,  15  illus.,  145  pp.,  i8mo,  boards. 
{New  York,  1903,)    2s.  net. 

River  and  Canal    Engineering.    By  E.   S.   Bellasis.    72 

illus.,  X  +  220  pp.,  8vo.     {1913,)    8s,  6d.  net. 

Punjab   Rivers  and  Works.     By  E.  S.  Bellasis.    Second 

edition,  47  illus.,  viii  +  64  pp.,  folio.     {1912,)    8s.  net. 
Notes  on  Instruments  best  suited  for  Engineering  Field  Work 

in  India  and  the  Colonies.    By  W.  G.  Bligh.    65  illus., 

218  pp.,  8vo.     {1899.)    7s,  6d. 
Practical  Designing  of  Retaining  Walls.    By  Prof.  W.  Cain. 

Fifth  edition,  14  illus.,  172  pp.,  i8mo,  boards.     {New  York, 

1908.)    25.  net. 

The  Maintenance  of  Macadamised  Roads.  By  T.  Cod- 
rington.    Second  edition,  186  pp.,  8vo.     {1892.)    ys.  6d. 

The  Civil  Engineers*  Cost  Book.  By  Major  T.  E.  Cole- 
man, R.E.  xii  +  289  pp..  Pocket  size  (6 J  X  zi  i^.), 
leather  cloth.     {1912.)    5s.  net. 

Retaining  Walls  in  Theory  and  Practice.  By  T.  E.  Cole- 
man.   104  illus.,  i6a  pp.,  crown  8vo.     {1909,)    5s.  net. 

On  Curved  Masonry  Dams.  By  W.  B.  Coventry.  8vo, 
sewed.     {1894,)    2s, 

A  Practical  Method  of  Determining  the  Profile  of  a  Masonry 
Dam.    By  W.B.Coventry.    8vo,  sewed.     {1894.)    2s.6d. 

The  Stresses  on  Masonry  Dams  (oblique  sections).  By 
W.  B.  Coventry.    8vo,  sewed.     {1894,)    2s, 

Handbook  of  Cost  Data  for  Contractors  and  Engineers. 
By  H.  P.  Gillette.  1,854  PP-»  crown  8vo,  leather,  gilt 
edges.     {New  York,  1911.)    £1  is,  net. 
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Rock  Excavatioii,  Methods  and  Cost.    By  H.  P.  Gillette. 

Second  edition  in  preparation. 

High  Masonry  Dams.  By  £.  S.  Gould.  2nd.  edit.  With 
illus.,  88  pp.,  i8mo,  boards.     {New  York,   1905.)    2s,  net. 

Railway  Tunnelling  in  Heavy  Ground.    By  C.  Grlpper. 

3  plates,  66  pp.,  royal  8vo.     (1879,)    ys,  6d. 

Levelling  and  Its  General  Application.    By  T.  HoUoway. 

Third  edition  in  preparation. 

Waterways  and  Water  Transport.    By  J.  S.  Jeans.    55 

illus.,  520  pp.,  8vo.     {1890.)    gs.  net. 

Table  of  Barometrical  Heights  to  20,000  Feet.  By  Lieut.-Col. 
W.  H.  Mackesy.    i  plate,  24  pp.,  royal  32mo.     {1882.)  3s. 

Aid  Book  to  Engineering  Enterprise.    By  E.  Matheson. 

Third  edition,  illustrated,  916  pp.,  medium  8vo,  buckram. 
{1898.)    £1  4s. 
A  Treatise  on  Surveying.    By  R.  E.  Middleton  and  O. 
Ghadwick.    Third  edition,  royal  8vo.     {1911.) 

Part    I.     II  plates,  162  illus.,  285  pp.     los.  6d. 
„    II.     152  illus.  and  2  plates,  340  pp.     los.  6d. 

A  Pocket  Book  of  Useful  Formulae  and  Memoranda »  for 

Civil  and  Mechanical  Engineers.  By  Sir  G.  L.  Moles  worth 
and  H.  B.  Molesworth.  With  an  Electrical  Supplement 
by  W.  H.  Molesworth.  Twenty-seventh  edition,  800 
illus.,  viii  4-  936  pp.,  oblong  32mo,  leather.    {1913.)    5s.  net. 

The  Pocket  Books  of  Sir  G.  L.  Molesworth  and  J.  T.  Hurst, 
printed  on  India  paper  and  bound  in  one  vol.  Royul  32mo, 
russia,  gilt  edges.     los.  6d.  net. 

Metallic  Structures  :  Corrosion  and  Fouling  and  their 
Prevention.  By  J.  Newman.  38  Illus.,  xii  +  374  pp., 
crown  8vo.     {1896.)    gs. 

Scamping  Tricks  and  Odd  Knowledge  occasionally  prac- 
tised upon  Public  Works.  By  J.  Newman.  New  imp., 
129  pp.,  crown  8vo.     {1908.)    2s.  net. 

Co-ordinate  Geometry  applied  to  Land  Surveying.  By  W. 
Pilkington.    5  illus.,  44  pp.,  i2mo.     {1909.)    is.  6d.  net. 

Pioneering.     By    F.    Shelford.     14   Illus.,    88   pp.,  crown 
8vo.     {1909.)    3s.  net. 

Topographical  Surveying.  By  G.  J.  Specht.  Second 
edition,  2  plates  andl28  illus.,  210  pp.,  i8mo,  boards.  {New 
Yorh  1898.)    2S.  net. 
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Sipons*  Dictionary  of  En^neeritig,  Civil,  Mechanical,  Mili- 
tary and  Naval.  10,000  illus.,  4,300  pp.,  super  royal  8vo. 
11874,  Supplement  issued  in  1881.)  Complete,  in  4  vols. 
£3  3s.  net. 

Surveying  and  Levelling  Instruments.    By  W.  F.  Stanley. 

Fourth  edition  in  preparation. 
Surveyor's  Handbook.    By  T.  U.  Taylor.    116  illus.,  310 

pp.,  crown  8vo,  leather,  gilt  edges.     {New  York,  1908.) 

8s.  6d.  net. 
Logarithmic  Land  Measurement.    By  J.  Wallace.    32  pp., 

royal  8vo.    (1910.)    5s.  net. 

The  Drainage  of  Fens  and  Low  Lands  by  Gravitation  and 
Steam  Power.  By  W.  H.  Wheeler.  8  plates,  175  pp.,  8vo. 
(1888.)    12s.  (d. 

Stadia  Survejring,  the  theory  of  Stadia  Measurements.  By 
A.  Winslow.  Fifth  edition,  148  pp.,  i8mo,  boards.  {New 
York,  1902.)    2s.  net. 

Handbook  on  Tacheometrical  Surveying.    By  G.  Xydis. 

55  illus.,  3  plates,  63  pp.,  8vo.     {1909.)    6s.  net. 

CURVE   TABLES 

Grace^s  Tables  for  Curves,  with  hints  to  yoimg  engineers. 

8  figures,  43  pp.,  oblong  8vo.     {1908.)    5s.  net. 
Railroad  Curves  and  Earthwork.    By  G.  F.  Allen.    Third 

edition,  4  plates,  198  pp.,  i2mo,  leather,  gilt  edges.     {New 

York,  1903.)    8s.  6d.  net. 
Data  relating  to  Railway  Gurves  and  Super -elevations, 

shown  graphically.    By  J.  H.  Haiste.    On  folding  card  for 

pocket  use.    6d.  net. 
Tables  for  setting-out  Railway  Gurves.     By  G.  P.  Hogg. 

A  series  of  cards  in  neat  cloth  case.    4s.  6d. 

Tables  for  setting  out  Gurves  for  Railways,  Roads,  Canals, 
etc.  By  A.  Kennedy  and  R.  W.  Hackwood.  32mo. 
25.  net. 

Spiral  Tables.  By  J.  G.  Sullivan.  47  pp.,  i2mo,  leather. 
{New  York,  1908.)    6s.  6d.  net. 

Tables  for  Setting  out  Gurves  from  loi  to  5.000  feet  radius. 
By  H.  A.  Gutler  and  F.  J.  Edge.    Royal  32mo.    2s.  net. 

Tables  of  Parabolic  Gurves  for  the  use  of  Railway  Engineers, 
md  others.    By  G.  T.  Alten.    Fcap  i6mo.    4s. 


12    E.   &  F.   N.   8P0N,   Ltd.,   57,  HAYMARKET,   LONDON,   S.W. 


Transition  Curves.  By  W.  G.  Fox.  Second  edition,  So  pp., 
i8mo,  boards.     {New  York,)    2S.  net 

DICTIONARIES 

Technological  Dictionary  in  the  English,  Spanish,  German 
and  French  Languages .    By  D .  Carlos  Huelin  Y  Arssu  • 

Crown  8vo. 
VoL  L       English-Spanish-German-French.    609   pp. 

{1906.)     los.  (d,  net. 
VoL  n.      German-English-French-Spanish.     720  pp. 

{1908,)     los.  6d.  net. 
VoL  III.    French-German-Spanish-English.      In  pre- 

paration. 
VoL  IV-     Spanish-French-English-German,     750  pp. 

{1910.)    los.  6d.  net.    . 

Dictionary  of  English  and  Spanish  Technical  and  Com- 
mercial Terms.  By  W.  Jackson.  164  pp.,  fcap  8vo. 
{1911.)    2s.  6d.  net. 

English -French  and  French -English  Dictionary  of  the 
Motor-Car,  Cycle  and  Boat.  By  F.  Lucas.  171  pp., 
crown  Svo.     {1905.)    2s.  net. 

Spanish-English  Dictionary  of  Mining  Terms,  fiy  F. 
Lucas.    78  pp.,  8vo.     {1905.)    5s.  net. 

English -Russian  and  Russian-English  Engineering  Dic- 
tionary. By  L.  Meycliar.  100  pp.,  i6mo.  {1909.) 
2S.  6d.  net. 

DOMESTIC    ECONOMY 

Food  Adulteration  and  its  Detection.    By  J.  P.  Battershall. 

12  plates,  328  pp.,  demy  8vo.     {New  York,  1887.)     15s. 

Practical  Hints  on  Taking  a  House.    By  H.  P.  Boulnois. 

71  pp.,  i8mo.     {1885.)    is.  6d. 

The  Cooking  Range,  its  Failings  and  Remedies,  By  F.  Dye. 
52  pp.,  fcap.  8vo,  sewed.     {1888.)    6d. 

Spices  and  How  to  Know  Them.  By  W.  M.  Gibbs.  With 
47  plates,  including  14  in  colours,  179  pp.,  8vo.  {New  York, 
1909.)    15s.  net. 

The  Kitchen  Boiler  and  Water  Pipes.    By  H,  Griqishsiw, 

8vo,  sewed.     {1887.)    is.  net. 
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Cookery  and  Domestic  Management,  including  economic 
and  middle  class  Practical  Cookery.  By  K.  Mellish.  56 
coloured  plates  and  441  illus.,  987  pp.,  super  royal  8vo. 
{1901.)    i6s.  net. 

Spons*  Household  Manual.    250  illus.,  1,043  pp.,  demy  Svo. 
(1902.)    7s.  6d. 
Ditto        ditto        half-bound    French    morocco.    9s. 


DRAWING 

The  Ornamental  Penman^ »  Engraver's  and  Sign  Writer's 
Pocket  Book  of  Alphabets.  By  B.  Alexander.  New 
Impression.    Oblong  i2mo,  sewed.    {1912,)    6d.  net. 

Slide  Valve  Diagrams  :  a  French  Method  for  their  Construc- 
tion. By  L.  Bankson.  iSmo,  boards.  {New  York, 
1892,)    2s.  net. 

A  System  of  Easy  Lettering.  By  J.  H.Cromwell.  Twelfth 
edition,  39  plates,  oblong  Svo.  {New  York,  1912,)  ^,  6d. 
net. 

Key  to  the  Theory  and  Methods  of  Linear  Perspective. 
By  C.  W.  Dymond,  F.S.A.  6  plates,  32  pp.,  crown  Svo. 
(S.  &  C.  Series,  No.  20.)     {1910.)    is.  6d,  net. 

Plane  Geometrical  Drawing.  By  R.  C.  Fawdry.  Illus- 
trated, 1S5  pp.,  crown  Svo.     {1901.)    3s.  net. 

Twelve  Plates  on  Projection  Drawing.  By  O.  Gueth. 
Oblong  4to,     {New  York,  1903,)    3s,  net. 

Hints  on  Architectural  Draughtsmanship.  By  G.  W.  T. 
Hallatt.    Fourth  ed..  So  pp.,  iSmo.     {1906,)    is,  6d.net 

A  First  Course  of  Mechanical  Drawing  (Tracing).  By  G. 
Halliday.    Oblong  4to,  sewed.    2s. 

A  Text-Book  of  Graphic  Statics.  By  C.  W.  Malcolm. 
155  illus.,  316  pp.,  Svo.     {New  York,  1909,)     12s,  6d,  net. 

Drawings  for  Medium-sized  Repetition  Work.  By  R.  D. 
Spinney.  47  illus,,  130  pp.,  Svo.  {1909,)  3s.  6d. 
net. 

Mathematical  Drawing  Instruments.    By  W.  F.  Stanley. 

Seventh  ed.,  265  illus.,  370  pp.,  cr.  Svo.     {1900,)     5s. 
The  Backbone  of  Perspective.    By  T.  U.  Taylor.    40  illus., 
56  pp.,  iSmo.     {New  York,  1911.)    4s,  6d,  net. 
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EARTHWORK 

Tables  for^Gomputing  the  Contents  of  Earthwork  in  the 

Cuttings  and  Embankments  of  Railways.    By  W.  Mac- 
gregor.    i  plate,  59  pp.,  royal  8vo.    6s. 

Tables  for  facilitating  the  Calculation  of  Earthworks. 
By  D.  Cunningham.    120  pp.,  royal  8vo.    los.  6i. 

Grace's  Earthwork  Tables.  36  double-page  tables,  4to. 
I2S.  6d,  net. 

Earthwork  Slips  and  Subsidences  on  Public  Works.  By 
J.  Newman.    240  pp.,  crown  8vo.     {1890.)    ys,  6d. 

Diagrams  for  the  Graphic  Calculation  of  Earthwork 
Quantities.  By  A.  H.  Roberts.  Ten  cards,  fcap.,  in  cloth 
case.     los.  6d,  net. 


ELECTRICAL    ENGINEERING 

Journal  of  the  Institution  of  Electrical  Engineers.  Edited 
by  P.  F.  Rowell,  Secretary.  Issued  monthly  from  January 
to  July  of  each  year.     8vo,  sewed,  each  part.    55.  net. 

Practical  Electric  Bell  Fitting.  By  F.  C.  Allsop.  Tenth 
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plates,  88  pp.,  crown  8vo.     {1909.)    $s.  net. 
Pumping  and  Water  Power.    By  F.  A.  Bradley.    51  illus., 

vii  +  118  pp.,  demy  8vo.     {1912.)    45.  6d.  net. 
Hydraulic,  Steam,  and  Hand  Power  Lifting  and  Pressing 

Machinery.    By  F.  Colyer.    Second  edition;  88  plates, 

211  pp.,  imperial  8vo.     {1892.)     los.  6d.  net. 
Pumps  and  Pumping  Machinery.    By  F*  Colyer. 

Vol.  I.    Second  edition,  53  plates,  212  pp.,  8vo.     {1892.} 

10$.  6d.  net. 
Vol.    II.     Second    edition,    48    plates,    169    pp.,    8vo. 

{1900.)    10s.  6d.  net. 

Construction  of  Horizontal  and  Vertical  Water -wheels. 
By  W.  Gullen.    Second  edition,  12  plates,  4to.     {1871.)    5s. 

Donaldson's  Poncelet  Turbine  and  Water  Pressure  Engine 
and  Pump.  By  W.  Donaldson.  2  plates,  viii  +  32  pp., 
demy  4to.     {1883.)    5s. 

Principles  of  Construction  and  EflBciency  of  Water-wheels. 
By  W.  Donaldson.    13  illus.,  94  pp.,  8vo.     {1876.)    5s. 

Practical  Hydrostatics  and  Hydrostatic  Formulae.  By 
£.  S.  Gould.  27  illus.,  114  pp.,  i8mo,  boards.  {New  York, 
1903.)    2s.  net. 

Hydraulic  and  Other  Tables  for  purposes  of  Sewerage  and 
Water  Supply.  By  T.  Hennell.  Third  edition,  70  pp., 
crown  8vo.     {1908.)    4s.  6d.  net. 

Tables  for  Calculating  the  Discharge  of  Water  in  Pipes  for 
Water  and  Power  Supplies.  Indexed  at  side  for  ready  refer- 
ence.   By  A.  E.  SUk.    63  pp.,  crown  8vo,     {1899.)    55. 

Simple  Hydraulic  Formulae.  By  T.  W.  Stone.  9  plates, 
98  pp.,  crown  8vo.     {1881.)    45. 

A  B  G  of  Hydrodynamics.    By  Lieut.-Col.  R.  de  Villamll. 

48  illus.,  xi  +  135  PP-,  demy  8vo.     {1912.)    6s.  net. 

INDUSTRIAL   CHEMISTRY  AND 
MANUFACTURES 

Transactions  of  the  American  Institute  of  Chemical  En- 
gineers.   Issued  annually.    30$.  net. 
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Perfumes  and  their  Preparadoii.    By  G.  W.  Askinsoiu 

Translated  by  I.  Fuest.    Third  ed.,  32  illus.,  3i2pp.,8vo. 

{New  York,  1907.)    xzs.  6d.  net. 

Brewing  Calculations*  Gauging  and  Tabulation.  By  G.  H. 
Bater.  340  pp.,  64mo,  roan,  gilt  edges.  {1897.)  is.  6d. 
net. 

A  Pocket  Book  for  Chemists*  Chemical  Manufacturers,  Metal- 
lurgists, Dyers,  Distillers,  etc.  By  T.  Bayley.  Seventh 
edition,  new  impression,  550  pp.,  royal  32mo,  roan,  gilt 
edges.    {1912.)    5$.  net. 

Practical  Receipts  for  the  Manufacturer,  the  Mechanic,  and  for 
Home  use.    By  Dr.  H.  R.  Berkeley  and  W.  M.  Walker. 

New  impression,  250  pp.,  demy  8vo.     {1912.)    5s.  net, 

A  Treatise  on  the  Manufacture  of  Soap  and  Candles, 
Lubricants  and  Glycerine.  By  W.  L.  Carpenter  and  H. 
Leask.  Second  edition,  104  illus.^  456  pp.,  crown  8vo. 
{1895.)    125.  6d. 

A  Text  Book  of  Paper  Making.  By  C.  F.  Cross  and  E.  J. 
Bevan.  Third  edition,  97  ilJus.,  411  pp.,  crown  8vo. 
{1907:)    12s.  6d.  net. 

C.B.S.  Standard  Units  and  Standard  Paper  Tests.  By  G. 
F.  Cross,  E.  J.  Bevan,  C.  Beadle  and  R.  W.  Sindall. 

25  pp.,  crown  4to.     {1903.)    2s.  6d.  net. 

Pyrometry.  By  C.  R.  Darling.  60  illus.,  200  pp.,  crown  8vo 
{1911.)    5$.  net. 

Soda  Fountain  Requisites.  A  Practical  Receipt  Book  for 
Druggists,  Chemists,  etc.  By  G.  H.  Dubelle.  Third  edi- 
tion, 157  PP«»  crown  8vo.     {New  York,  1905.)    4s.  6d.  net. 

Spices  and  How  to  Know  Them.  By  W,  M.  Gibbs.  47 
plates,  including  14  in  colours,  176  pp.,  8vo.  {New  York, 
1909.)    15s.  net. 

The  Chemistry  of  Fire  and  Fire  Prevention.    By  H.  and  H. 

Ingle.    45  illus.,  290  pp.,  crown  8vo.     {1900.)    95. 
Ice -making  Machines.    By  M.  Ledoux  and  others.    Sixth 

edition,  190  pp.,  iSmo,  boards.     {New  York,  igoS.)    25.net. 
Brewing  with  Raw  Grain.    By  T.  W.  Lovibond.    75  pp., 

crown  8vo.     {1883.)    5s. 

The  Chemistry,  Properties,  and  Tests  of  Precious  Stones. 
By  J.  Mastin.    114  pp.,  fcap.  z6mo,  limp  leather^  gilt  top. 
{1911.)    a<.&{.net 
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Sugar,  a  Handbook  for  Planters  and  Refiners.  By  the  lafe 
J.  A.  R.  Newlands  and  B.  £.  R.  Newlands.  236  illus., 
876  pp.,  8vo.     (1909.)    £1  55.  net. 

Principles  of  Leather  Manufacture.  By  Prof.  H.  R.  Proc- 
ter,   loi  illus.,  520  pp.,  8vo.     (1908.)    i8s.  net. 

Leather  Industries  Laboratory  Handbook  of  Analj^cal  and 
Experimental  Methods.  By  H.  R.  Procter.  Second  edi- 
tion, 4  plates,  46  illus.,  450  pp.,  8vo.     {1908,)    i8s.  net. 

Leather  Chemists*  Pocket  Book.  A  short  compendimn  of 
Analytical  Methods.  By  Prof.  H.  R.  Procter.  Assisted 
by  Dr.  E.  Stiasny  and  H.  Brumwell.  4  illus.,  xiv  +  223 
pp.,  i6mo,  leather.     (1912,)    $s.  net. 

Theoretical  and  Practical  Ammonia  Refrigeration.  By 
I.  I.  Redwood.  Sixth  thousand,  15  illus.,  146  pp.,  square 
i6mo.     (New  York,  1909.)    45.  6d.  net. 

Breweries  and  Maltings.    By  G.  Scammell  and  F.  Golyer. 

Second  edition,  20  plates,  178  pp.,  8vo.     (1880.)    6s.  net. 

Factory  Glazes  for  Ceramic  Engineers.  By  H.  Rum- 
Bellow.  Folio.  Series  A,  Leadless  Sanitary  Glazes. 
(1908.)    12  2s.  net. 

Spons'  EncydopSBdia  of  the  Industrial  Arts,  Manufactures 
and  Commercial  Products.  2  vols.  1,500  illus.,  2,100  pp., 
super  royal  8vo.     (1882.)    £2  2s.  net. 

Refrigeration  and  Ice -making  and  Refrigerating  Machinery. 
By  W.  H.  Wakeman.  4th  ed.,  15  illus.,  43  pp.,  8vo, 
sewed.     (New  York,  1909.)     is.  6d.  net. 

Tables  for  the  Quantitative  Estimation  of  the  Sugars.  By 
E.  Wein  and  W.  Frew.    Crown  8vo.     (1896.)    6s. 

The  Puering,  Bating  and  Drenching  of  Skins.  By  J.  T. 
Wood.    33  illus.,  XV  +  300  pp.,  8vo.  [(1912.)   12s.6d.net. 

Workshop  Receipts.    For  the  use  of  Manufacturers,  Mechanics 
and  Scientific  Amateurs.    New  and  thoroughly  Revised 
Edition,  crown  8vo.     (1909.)    3s.  each  net. 
Vol.      I.    Acetylene  Lighting  to  Drying.     223  illus., 

532  pp. 
Vol.    II.    Dyeing  to  Japanning.    259  illus.,  540  pp. 
Vol.  III.    Jointing  Pipes  to  Pumps.    256  illus.,  528  pp. 
Vol.  IV.    Rainwater    Separators    to    Wire    Ropb 
Splicing.    321  illus.,  540  pp. 
Practical  Handbook  on  the  Distillation  of  Alc<rhol  from 
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Earm  Products.  By  F.  B.  Wright  Second  edition,  60 
illns.,  271  pp.,  crown  8vo.  {New  York,  1907,)  4s.  6d.  net. 
The  Manufacture  of  Chocolate  and  other  Cacao  Preparations. 
By  P.  Zipperer.  Second  edition,  87  illns.,  280  pp.,  royal 
8vo.     (1902.)    16s.  net. 

INTEREST   TABLES 

The  Wide  Range  Dividenid  and  Interest  Calculator,  showing 
at  a  glance  the  Percentage  on  any  sum  from  One  Pound  to 
Ten  Thousand  Pounds,  at  any  Interest,  from  i  per  cent,  to 
12 J  per  cent.,  proceeding  by  J  per  cent  By  A.  Stevens. 
100  pp.,  super  royal  8vo.  6s.  net. 
Quarter  moroccp,  cloth  sides,  y$,  6d.  net. 

The  Wide  Range  Income  Tax  Calculator,  showing  at  a  glance 
the  Tax  on  any  sum  from  One  Shilling  to  Thousand  Pounds, 
at  the  Rate  of  gd.,  is.,  and  is.  2d.  in  the  Pound.    By  A.. 
Stevens.    On  folding  card,  imperial  8vo.    is.  net. 

IRRIGATION 

Irrigation  Works.    By  E.  S.  Bellasis.    37  illus.^  viii  +  174 

pp.,  8vo.     (1913.)    ys.  6d.  net. 
Puiljab   Rivers   and  Works.    By  £.  S.  Bellasis.    Second 

edition,  47  iUus.,  65  pp.,  folio.     {1912.)    8s\  net: 
Irrigation  Pocket  Book.    By  R.  B.  Buckley.     Second  ed., 

80  illus.,  viii  +  475  pp.,  cr.  8vo,  leather,  gilt  edges.    {1913.) 

15s.  net 
The  Design  of  Channels  for  Irrigation  and  Drainage.    By 

R.B.Buckley.    22  diagrams,  56  pp.,  crown  8vo.     {1911.) 

2S.  net. 
The  Irrigation  Works  of  India.    By  R.  B.  Buckley,.    Second 

edition,  with  coloured  maps  and  plans.  .  336  >pp.^4to,  cloth. 

{1905.)    £2  2$.  net. 
Irrigated  India.    By  Hon.  Alfred  Deakin.    With  Map,  322 

pp.,  8vo.     {1893.)    8s.  6d. 
Indian  Storage  Reservoirs,  with  Earthen  Dams.  By  W.L. 

Strange.    Second  ed.,  16  plates,  59  iUus.,  xxiv  +  442  pp., 

8vo.    {1913.)    21s.  net. 
The  Irrigation  of  Mesopotamia.    By  Sir  W.  .Willcocks. 

2  vols.,  46  plates,  136  pp.     (Text  super  royal  8vo,  plates 

folio.)     {1911.)    £1  net. 
Egyptian  Irrigation.    By  Sir  W.  Willcocks. 

Third  edition  in  the  press. 

A  few  copies  of  the  First  Edition  {1889)  are  stiU-h  ^e  had. 
15s.  net. 
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The  Nile  Reservoir  Dam  at  Assuan*  and  After.  By  Sir 
W.  Willcocks.  Second  edition,  13  plates,  35  pp,.  super  roydl 
8vo.  {1903.)    6s.  net. 

Tlie  Assuan  Reservoir  and  Lake  Moeris.  By  Sir  W.  Will- 
cocks.  With  text  in  English,  French  and  Arabic.  5 
plates,  116  pp.,  super  royal  8vo.     {1904.)    5$.  net. 

The  Nile  in  1904.,  By  Sir  W.  Willcocks.  30  plates,  200  pp., 
super  royal  8vo.     {1904.)    gs.  net. 

LOGARITHM   TABLES 

Aldum's  Pocket  Folding  Mathematical  Tables.  Four- 
figure  Logarithms,  and  Anti-logarithms,  Natural  Sines, 
Tangents,  Cotangents,  Cosines,  Chords  and  Radians  for  all 
angles  from  i  to  90  degrees.  And  Decimalizer  Table  for 
Weights  and  Money.  On  folding  card.  ^d.  net.  20  copies, 
65.  net. 

Tables  of  Seven-figure  Logarithms  of  the  Natural  Numbers 
from  I  to  108,000.  By  C.  Babbage.  Stereotype  edition, 
224  pp.,  mediiun  8vo.    55.  net. 

Four-Place  Tables   of  Logarithms   and   Trigonometric 
.Functions.    By   £.   V.   Huntington.    Ninth   thousand, 
34  pp.,  square  8vo,  limp  buckram,  with  cut  lateral  index. 
{New  York,  1911.)    3$.  net. 

Short  Logarithmic  and  other  Tables.    By  W.  C.  Unwin. 

Fourth  edition,  small  4to.    3s. 

Logarithmic   Land    Measurement.    By   J.    Wallace.    32 

pp.,  royal  8vo.     {1910.)    5s.  net. 

ABC  Five-figure  Logarithms  with  Tables,  for  Chemists. 
By  C.  J.  Woodward.    Crown  8vo.    25.  6d.  net. 

ABC  Five-figure  Logarithms  for  general  use,  with  lateral 
index  for  ready  reference.  By  C.  J.  Woodward.  Second 
edition,  with  cut  lateral  Index,  116  pp.,  i2mo,  Ump  leather. 
3s.  net. 

MARINE  ENGINEERING 
AND  NAVAL  ARCHITECTURE 

Marine  Propellers.  By  S.  W.  Barnaby.  Fifth  edition,  5 
plates,  56  illus.,  185  pp.,  demy  8vo.     {1908.)     10s.  6d.  net. 

Marine  Engineer's  Record  Book :  Engines.  By  B.  C. 
Bartlsy.    Svo,  roan,    s^-  ^^^* 
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The  Suction  Caused  by  Ships  and  the  Olympic -Ha  wke 
Collision.  By  £.  S.  BeUasis.  i  chart  and  5  illus.  in 
text,  26  pp.,  8vo,  sewed.     {1912.)    is.  net. 

Yachting  Hints,  Tables  and  Memoranda.    By  A.  C.  Franklin. 

Waistcoat  pocket  size,   103  pp.,  64mo,  roan,  gilt  edges. 

15.  net. 
Steamship  Coefficients,  Speeds  and  Powers.    By  C.  F.  A. 

Fyfe.    31   plates,   280   pp.,   fcap.   8vo,   leather.     {1907.) 

los.  6d.  net. 

How  to  Build  a  Speed  Launch.  By  E.  W.  Graef •  14  plates, 
32  pp.,  quarto.    {New  York,  1903).    4s.  M.  net. 

Steamships  and  Their  Macliinery,  from  first  to  last.  By 
J.  W.  C.  Haldane.    120  illus.,  532  pp.,  8vo.     {1893.)    155. 

Tables  for  Constructing  Ships' Lines.  By  A.  Hogg.  Third 
edition,  3  plates,  20  pp.,  8vo,  sewed.     {1911.)    35.  net. 

Submarine  Boats.  By  G.  W.  Hovgcuurd.  2  plates,  98  pp.« 
crown  8vo.  {1887.)    $s. 

Tabulated  Weights  of  Angle,  Tee,  Bulb,  Round,  Square,  and 
Flat  Iron  and  Steel  for  the  use  of  Naval  Ardiitects,  Ship- 
builders, etc.  By  C.  H.  Jordan.  Sixth  edition,  640  pp., 
ro3ral  32mo,  leather,  gilt  edges.  {1909.)  ys,  6d, 
net. 

Particulars  of  Dry  Docks,  Wet  Docks,  Wharves,  etc.,  on  the 
River  Thames.  Compiled  by  C.  H.  Jordan.  Second 
edition,  7  coloured  charts,  103  pp.,  oblong  8vo.  {1904.) 
25.  6d.  net. 

Marine  Transport  of  Petroleum.    By  H.  Littie.    66  illu&. 

263  pp.,  crown  8vo.     {1890.)    10s.  6d. 
Questions  and  Answers  for  Marine  Engineers,  with  a  Prac* 

tical  Treatise  on  Breakdowns  at  Sea.    By  T.  Lucas.    12 

folding  plates,  515  pp.,  gilt  edges,  crown  8vo.     {New  York, 

1902.)    8$.  net. 

How  to  Build  a  Motor  Launch.  By  C.  D.  Mower.  49  illus., 
42  pp.,  4to.    (New  York,  190i).    45.  6d.  net. 

Reed's  Engineers'  Handbook  to  the  Board  of  Trade 
Examinations  for  certificates  of  Competency  as  First  and 
Second  Class  Engineers.  Nineteenth  edition,  37  plates, 
358  illus.,  696  pp.,  8vo.    145.  net. 

Key  to  Reed's  Hajidbook.    75.  6d.  net. 

Reed's  Marine  Boilers.  Third  edition,  79  illus.,  258  pp., 
crown  8vo.     {1906.)    45.  6d.  net. 
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Reed's    Useful    Hints    to    Sea-going   Engineers.    Foni-th 

edition,  8  plates,  50  illus.,  312  pp.,  cr6wn  8vo.     {1903,) 
35.  6d.  net. 

How  to  Build  a  Three -horse  Power  Launch  Engine.  -JBy 
E.  W.  Roberts.  14 plates,  66  pp.,  folio.  (New  Yofk\'1901). 
iQS.  (d.  net. 

MATERIALS 

Practical  Treatise  on  the  Strength  of  >  Materials.  By  :7. 
Box.  Fourth  edition,  27  plates,  536  pp.,  8vo.  (1902.) 
I2S.  6d,  net. 

Solid  Bitumens^    By  S.  F.  Peckham.    23  illus.,  324  pp., 

8vo.     (New  York,  1909.)    £1  is.  net. 
Lubricants,   Oils   and   Greases.    By   I.   I. .  Redwood.     3 

plates,  ix  +  54  PF^,  8vo.     (1898.)    6s.  (d.  net. 
Practical  Treatise  on  Mineral  Oils  and  their  By-Products. 
By  I.  I.  Redwood.    76  illus.,  336  pp.,  8vo.     (1897.)  .  15s. 

Silico-Galcareous  Sandstones,  or  Building  Stones  from 
Quartz,  Sand  and  Lime.-  By  E.  StolGSer.  5  plates,  8vo, 
sewed.     (1901.)    4s.  net. 

Proceedings  of  the  Fifth  Congress,  International  Associa- 
tion for  Testing  Materials.  English  edition.  iSgiltus., 
549  PP'*  8vo.     (1910.)    Paper,  15s.  net. ;  cloth,  18s.  net. 


MATHEMATICS 

Imaginary  Quantities.  By  M.  Argand.  Translated  *  by 
Prof.  Hardy.    i8mo,  boards.     (New  York.)    2s.  net. 

Text-book  of  Practical  Solid  Geometry.  By  E.  H.  de  V. 
Atkinson.  Revised  by  Major  B.  R.  Ward,  R.E.  Second 
edition,  17  plates,  134  pp.,  8vo.     (1901.)    ys.  6d. 

Quick  and  Easy  Methods  of  Calculating,  and  the  Theory 
and  Use  of  the  Slide  Rule.  By  R.  G.  Blaine.  Fourth 
edition,  6  illus.,  xii  +  152  pp.,  i6mo.     (1912.)    2s.  6d.  net. 

Symbolic  Algebra,  or  the  Algebra  of  Algebraic  Numbers. 

By  W.  Gain.    12  illus.,   131  pp.,   i8mo,   boards.     (New 

York,  1884.)    2s.  net. 
Nautical  Astronomy.    By  J.  H.  Golvin.    127  pp.,  crown  8vo. 

(1901.)    25.  6d.  net. 
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Chemical  Probleihs.  By  J.^G.  Foy^.  '  Fourth  edition,  141 
pp*;  i8mo,  boards.  .  {New  York,  1898,)    2S.  net. 

](^rimer  of  the  Calculus.-  By  £•  S.  Gpuld.  Second  edition, 
24  illus.,  122  pp.,  i8'mo,  boards.,  ^.  {New  York,  1899,)    2s,  net. 

Elementary  Treatise  on  the  Calculus '*for  Engineering  Stu- 
dents.   By  J.  Graham.    Fourth  edition  in  the  press. 

Manual  of  the  Slide  Rule.  By  F.  A.  Halsey .  Second  edition, 
31  illus.,  84  pp.,  i8mo,  boards.     (New  York,  1901,)    2S,  net. 

Rirfdfm'  in  Chemical  and  Physical  Calculations. ^  By 
C.  J.  T.  Hanssen.    4to.     {1897,)    6s.  6d,  net. 

Algebra  Self-Taught.  By  P.  Higgs.  Third  edition^  104 
pp.,  crown  8vo.     {1903,)    2s.  6d. 

A  Text-book  on  Graphic  Statics.    By  C.  W.  Malcolm. 

;       155  illus.,- 316  pp.,  8vo.     {New  York,  1909,)     12s,  6d.  net. 
Galvanic  Circuit  Investigated  Mathematically.    By  G.  S. 

Ohm.    Translated  by  William  Francis.    269  pp.,  i8mo, 

boards.     {New  York,  1891.)    2S,  net. 
Elementary  Practical  Mathematics.    By  M.  T.  Ormsby. 

Second    edition,   128  illus.,   xii  +  410  pp.,  medium  8vo. 

{1911,)    55.  net. 

Elements  of  Graphic  Statics.  By  K.  Von  Ottl  Translated 
by  G.S.Clarke.    95  illus.,  128  pp.,  crown  8vo.     {1901.)  5s. 

Figure  of  the  Earth.  By  F.  C.  Roberts.  2  illusi,  95  pp., 
i8mo,  boards.     {New  York,  1885.)    2S.  net. 

Arithmetic  of  E;iectricity.  By  T.  0*C.  Sloane.  Thirteenth 
edition,  5  illus.,  162  pp.,  crown  8vo.  {New  York,  1901.) 
45.  6d.  net. 

Graphic  Method  for  Solving  certain  Questions  in  Arith- 
metic or  Algebra.  By  G.  L.  Vose.  Second  edition, 
28  illus.,  62  pp.,  i8mo,  boards.     {New  York,  1902.)    2S,  net. 

Problems  in  Electricity.  A  Graduated  Collection  comprising 
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The  Givil  Engineers'  Gost  Book.    By  Major  T.  E.  Goleman. 

xii  +  289  pp.,  pocket  size  (6 J  in.  by  3i  in.),  leather  cloth. 
{1912.)    5s.  net. 

Railway   Stores    Price   Book.    By  W.    O.   Kempthorne. 

490  pp.,  demy  8vo.     {1909.)    los.  6d.  net. 
Handbook  of  Gost  Data  for  Contractors  and  Engineers. 

By  H.  P.  Gillette.    1,854  PP-»  crown  8vo,  leather,  gilt 

edges.     {New  York,  1911.)    £1  is.  net. 
Spons'  Architects  V^i^d  Builders'  Pocket  Price -Book  and 

Diary,    1913.    Edited   by   Glyde   Young,    Revised  by 

Stanford  M.  Brooks.    Fortieth  edition,  viii  +  308  pp. 

green  leather  cloth.    With  Diary  showing  a  week  at  an 

opening       Size  6J  in.  by  3I  in.  by  J  in.  thick.)     25. 6d.  net. 
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RAILWAY   ENGINEERING   AND 
MANAGEMENT 

Practical  Hints  to  Young  Engineers  Employed  on  Indian 
Railways.  By  A.  W.  C.  Addis.  14  illus.,  154  pp.,  i2mo. 
{1910.)    3s.  6d.  net. 

Field  and  Office  Tables,  specially  applicable  to  Railroads. 
By  C.  F.  Allen.  293  pp.,  i6mo,  leather.  {New  York,  1903.) 
8s.  6d.  net. 

Up-to-date  Air  Hrake  Gatediism.    By  R.  H.  Blackall. 

Twenty-third  edition,  5  coloured  plates,  96  illus.,  305  pp., 
crown  8vo.     {New  York,  1908.)    Ss.  6d.  net. 

Prevention  of  Railroad  Accidents,  or  Safety  in  Railroading. 
By  Geo.  Bradshaw.  64  illus.,  173  pp.,  square  crown  Svo. 
{New  York,  1912,)    2s.  6d.  net. 

Simple  and  Automatic  Vacuum  Brakes.  By  G.  Briggs, 
G.N.R.    II  plates,  Svo.     {1892.)    4s. 

Notes  on  Permanent-way  Material,  Plate-laying,  and  Points 
and  Crossings.  By  W.  H.  Gole.  Sixth  edition,  revised, 
44  illus.  in  39  plates,  203  pp.,  crown  Svo.  {1912.)  ys.  6d. 
net. 

Statistical  Tables  of  the  Working  of  Railways  in  various 
countries  up  to  the  year  1904.  By  J.  D.  Diacomidis. 
Second  edition,  84  pp.,  small  folio,  sewed.     {1906.)     16s.  net. 

Locomotive  Breakdowns,  Emergencies  and  their  Remedies. 
By  Geo.  L.  Fowler,  M.E.,  and  W.  W.  Wood.  Fifth  edition, 
92  illus.,  266  pp.,  i2mo.     {New  York,  1911.)    4s.  6d.  net. 

Permanent -way  Diagrams.  By  F.  H.  Frere.  Mounted 
on  linen  in  cloth  covers.     {1908.)    3s.  net. 

Formulse  for  Railway  Crossings  and  Switches.  By  J. 
Glover.    9  illus.,  28  pp.,  royal  32mo.     {1896.)    2s.  6d. 

Setting  out  of  Tube  Railways.  By  G.  M.  Halden.  9  plates, 
46  illus.,  68  pp.,  crown  4to.     {1907.)     los.  6d.  net. 

Railway    Engineering,    Mechanical    and    Electrical.    By 

J.  W.  C.  Haldane.     New  edition,  141  illus.,  xx  +  583  pp., 

Svo.     {1908.)    15s. 
The   Construction  of  the   Modern   Locomotive.    By   G. 

Hughes.    300  illus.,  261  pp.,  Svo.     {1894.)    gs. 
Practical  Hints  for  Light  Railways  at  Home  and  Abroad. 

By  F.  R.  Johnson.    6  plates,  31  pp.,  crown  Svo.    [1896.) 

25.  6d, 
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Handbook  on  Railway  Stores  Management.  By  W.  O. 
Kempthome.    268  pp.,  demy  8vo.     (1907,)    ids.  6d,  net. 

Railway   Stores   Price  Book.     By   W.   O.   Kempthome. 

490  pp.,  demy  8vo.     {1909,)    10s.  6d,  net. 

Railroad  Location  Surveys  and  Estimates.    By  F.  Lavis. 

68  illus,  270  pp.,  8vo.     {New  York,  1906,)    12s.  6d.  net. 

Pioneering.  By  F.  Shelford.  14  illus.,  88  pp.,  crown  8vo. 
{1909.)    3s,  net. 

Handbook  on  Railway  Survejring  for  Students  and  Jimior 
Engineers.  By  B.  Stewart.  55  illus.,  98  pp.,  crown  8vo. 
{1909,)    2s.  6d,  net. 

Modem  British  Locomotives.  By  A.  T.  Taylor.  100  dia- 
grams of  principal  dimensions,  118  pp.,  oblong  8vo.  {1907,) 
4s.  6d.  net. 

Locomotive  Slide  Valve  Setting.  By  G.  E.  Tally.  Illus- 
trated, i8mo.    IS.  net. 

The  Railway  Goods  Station.  By  F.  W.  West.  23  illus.. 
XV  +  192  pp.,  crown  8vo.     {1912,)    45.  6d.  net. 

The  Walschaert  Locomotive  Valve  Gear.    By  W.  W.  Wood. 

4  plates  and  set  of  movable  cardboard  working  models  of 
the  valves,  193  pp.,  crown  8vo.  {New  York,  1912.)  6s.  6d. 
net. 

The  Westinghouse  E.T.  Air-Brake  Instruction  Pocket 
Book.  By  W.  W.  Wood.  48  illus.,  including  many 
coloured  plates,  242  pp.,  crown  8vo.  {New  York,  1909,) 
8s,  6d.  net. 

SANITATION,    PUBLIC   HEALTH   AND 
MUNICIPAL    ENGINEERING 

Sewers  and  Drains  for  Populous  Districts.  By  J.  W. 
Adams.  Ninth  edition,  81  illus.,  236  pp.,  8vo.  {New 
York,  1902,)     IDS.  6d,  net. 

Engineering  Work  in  Public  BuUdings.    By  R.  O.  Allsop. 

77  iUus.,  ix  +  158  pp.,  demy  4to.     {1912.)    12s.  6d.  net. 

Public  Abattoirs,  their  Planning,  Design  and  Equipment. 
By  R.  S.  Ayling.  33  plates,  100  pp.,  demy  4to.  {1908.) 
8s,  6d,  net. 

Sewage  ^Purification.  By  £.  Bailey -Denton.  8  plates, 
44  pp.f  8vo.    {1896.)    5$. 
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Water  Supply  and  Sewerage  of  Country  Mansions  and 

Estates.    By   E.    Bailey-Denton.    76   pp.,   crown   8vo. 
(1901.)    2s.  6d,  net. 

Sewerage  and  Sewage  Purification.    By  M.  N.  Baker. 

Second  edition,  144  pp.,  i8mo,  boards.     {New  York,  1905.) 
25.  net. 

Sewage  Irrigation  by  Farmers.  By  R.  W.  P.  Birch.  8vo, 
sewed.     (1878)    2s.  6d. 

Bacteriology  of  Surface  Waters  in  tlie  Tropics.  By  W. 
W.  Glemeslia.  viii  + i6ipp.,8vo.  (Calcutta,  1912.)  ys.6d. 
net. 

Sanitary  House  Drainage,  its  Principles  and  Practice.  By 
T.  E.  Coleman.    98  illus.,  206  pp.,  crown  8vo.     (1896.)  6s. 

Stable  Sanitation  and  Construction.    By  T.  E.  Coleman. 

183  illus.,  226  pp.,  crown  8vo.     (1897.)    6$. 

Discharge  of  Pipes  and  Culverts.    By  P.  M.  Crosthwaite. 

Large  folding  sheet  in  case.    2s.  6d.  net. 

A  Complete  and  Practical  Treatise  on  Plumbing  and 
Sanitation,  By  G.  B.  Davis  and  F.  Dye.  2  vols.,  637 
illus.  and  21  folding  plates,  830  pp.,  4to,  cloth.  (1899.) 
£1  10s.  net. 

Standard  Practical  Plumbing.    By  P.  J.  Davies. 

Vol.  I.  Fourth  edition,  768  illus.,  355  pp.,  royal  8vo. 
(1905.)    7s.  6d.  net. 

VoL  II.  Second  edition,  953  illus.,  805  pp.  (1905.) 
los.  6d.  net. 

Vol.  III.    313  illus.,  204  pp.     (1905.)    5$.  net. 

Conservancy,  or  Dry  Sanitation  versus  Water  Carriage. 
By  J.  Donkin.  7  plates,  33  pp.,  8vo,  sewed.  (1906.)  is. 
net. 

Sewage  Disposal  Works.  By  W.  C.  Easdale.  160  illus., 
264  pp.,  8vo.     (1910.)    los.  6d.  net. 

House  Drainage  and  Sanitary  Plumbing.  By  W.  P. 
Gerhard.  Tenth  edition,  6  illus.,  231  pp.,  i8mo,  boards. 
(New  York,  1902.)    2s.  net. 
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Housing  and  Town  Planning  Conference.  Report  of  Con- 
ference held  by  the  Institution  of  Municipal  and  County 
Engineers.  Edited  by  T.  Cole,  Secretary.  30  plates. 
240  pp.,  demy  8vo.     {1911,)     ids.  6d,  net. 

Engineering  Work  in  Towns  and  Cities.    By  E.  McCulloch . 

44  illus.,  502  pp.,  crown  8vo.     {New  York,  1908.)     12s,  6d. 
net. 

The  Treatment  of  Septic   Sewage.    By   G.   W.   Rafter. 

137  pp.,  i8mo,  boards.     {New  York,  1904.)    2s.  net. 

Reports  and  Investigations  on  Sewer  Air  and  Sewer  Ven- 
tilation.   By  R.  H.   Reeves.    8vo,  sewed.     {1894.)    is. 

The  Law  and  Practice  of  Paving  Private  Street  Works. 
By  W.  Spinks.  Fourth  edition,  256  pp.,  8vo.  {1904.) 
12s.  6d.  net. 

STRUCTURAL   DESIGN 

{See  Bridges  and  Roofs) 

TELEGRAPH   CODES 

New  Business  Code.  320  pp.,  narrow  8vo.  (SLee  4!  in.^by 
7f  in.  and  J  in.  thick,  and  weight  10  oz.)  {New  York,  1909.) 
£1  IS.  net. 

Miners'  and  Smelters'  Code '(formerly  issued  as  the  Master 
Telegraph  Code).  448  pp.,  8vo,  limp  leather,  weight 
14  oz.     {New  York,  1899.)    £2  los.  net. 

Billionaire  Phrase  Code,  containing  over  two  million  sen- 
tences coded  in  single  words*  56  pp.,.  8vo,  leather.  {New 
York,  1908,)    6s,  6d,  net. 

WARMING    AND   VENTILATION 

Heat  for  Engineers.  By  G.  R.  Darling.  Second  edition^ 
no  illus.,  430  pp.,  8vo.  (FiNSBURY  Technical  Manual.) 
{1912.)     I2S.  6d.  net. 

Hot  Water  Supply.  By  F.  Dye.  Fifth  edition,  new  impres- 
sion, 48  illus.,  viii  4-  86  pp.,.  8vo.     {1912.)    3s.  net. 

A  Practical  Treatise  upon  Steam  Heating.    By  F.  Dye. 

129  illus.,  246  pp.,  8vo.     {1901.)     10s.  net. 

Practical  Treatise  on  Warming  Buildings  by  Hot  Water. 
By  F.  Dye.     192  illus.,  319  pp.,.  8vo.     {1905.)    8s.  6d.  net. 
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I2S.  6d,  net. 

27  original  tables 
(iVeze;  York,  1906.) 


Central  Station   Heating.    By  B.  T.    Gifford.     37  illus., 
208  pp.,  8vo,  leather.     {New  York,  1912.)     17s.  net. 

Charts  for  Low  Pressure  Steam  Heating.  By  J.  H.  Kinealy . 

Small  folio.     (New  York.)    4s.  6d. 

Formulse  and  Tables  for  Heating.    By  J.  H.  Kinealy. 

18  illus.,  53  pp.,  8vo.     {New  York,  1899.)    35.  6d. 

Centrifugal  Fans.    By  J.  H.  Kinealy.    33  illus.,  206  pp 
fcap.  8vo,  leather.     {New  York,  1905.) 

Mechanical  Draft.    By  J.  H.  Kinealy. 

and  13  plates,  142  pp.,  crown  8vo. 
8s.  6d.  net. 

Steam  and  Hot  Water  Heating.    By  H.  C.  Lincoln.    103 

illus.,  160  pp.,  8vo.     {New  York,  1912.)    5s.  net. 

Theory  and  Practice  of  Centrifugal  Ventilating  Machines. 
By  D.  Murgue.    7  illus.,  81  pp.,  8vo.     {1883.)    5s. 

Mechanics    of    Ventilation.    By    G.    W.    Rafter.    Second 
edition,  143  pp.,  i8mo,  boards.     {New  York,  1896.)    2s.  net. 

Principles  of  Heating.    By  W.  G.  Snow.    New  edition,  59 
illus.,  xii  +  224  pp.,  8vo.     {New  York,  1912.)    gs.  net. 

Furnace  Heating.    By  W.   G.   Snow.    Fourth  edition,  52 
illus.,  216  pp.,  8vo.     {New  York,  1909.)    6s.  6d.  net. 

Ventilation  of  BuUdings.    By  W.  G.  Snow  and  T.  Nolan. 

83  pp.,  i8mo,  boards.     {New  York,  1906.)    2s.  net. 
Heating  Engineers'  Quantities.    By  W.  L.  White  and  G.  M. 
White.    4  plates,  33  pp.,  folio.     {1910.)     10s.  6d.  net. 


WATER    SUPPLY 

{See  also  Hydraulics) 

Potable  Water  and  Methods  of  Testing  Impurities.  By 
M.  N.  Baker.  97  pp.,  i8mo,  boards.  {New  York,  1905.) 
2s.  net. 

Manual  of  Hydrology.  By  N.  Beardmore.  New  impres- 
sion, 18  plates,  384  pp.,  8vo.     {1906.)     10s.  6d.  net. 

Boiler  Waters,  Scale,  Corrosion  and  Fouling.  By  W.  W. 
Christie.  77  illus.,  235  pp.,  8vo.  {New  York,  1907.) 
125.  (d.  net. 

Bacteriology  of  Surface  Waters  in  the  Tropics.  By  W.  W. 
Clemesha.  12  tables,  viii  +  161  pp.,  8vo.  {CalcuUa, 
1912.)    ys.  6d.  net. 


SCIENTIFIC   BOOKS.  43 

Water  Softening  and  Purification.    By  H.  GoUet.    Second 

edition,  6  illus.,  170  pp.,  crown  8vo.     {1908,)    5$,  net. 
Treatise  on  Water  Supply,  Drainage  and  Sanitary  Appliances 

of   Residences.      By  F.  Colyer.      100   pp.,  crown    8vo. 

{1899.)    IS,  6d,  net. 
Purification  of  PubUc  Water  Supplies.    By  J.  W.  Hill. 

314  pp.,  8vo.     {New  York,  1898,)     los.  6d, 

Well  Boring  for  Water,  Brine  and  Oil.  By  C.  Isler.  Second 
edition,  105  illus.,  296  pp.,  Svo.     {1911.)     los.  6d,  net. 

Method  of  Measuring  Liquids  Flowing  through  Pipes  by 
means  of  Meters  of  Small  Calibre.  By  Prof.  G.  Lange. 
I  plate,  16  pp.,  8vo,  sewed.    {1907,)    6d.  net. 

On  Artificial  Underground  Water.    By  G.  Richert.    16 

illus.,  33  pp.,  8vo,  sewed.     {1900.)    is,  6d,  net. 

Notes  on  Water  Supply  in  new  Countries.    By  F.  W.  Stone. 

18  plates,  42  pp.,  crown  8vo.     {1888,)    5s. 

The  Principles  of  Waterworks  Engineering.  By/J.  H.  T. 
Tudsbery  and  A.  W.  Brightmore.  Third  edition,  13 
folding  plates,  130  illus.,  447  pp.,  demy  Svo.  {1905.)  £1  is. 
net. 

WORKSHOP   PRACTICE 

For  Art  Workers  and  Mechanics 

A  Handbook  for  Apprenticed  Machinists.    By  O.  J.  Beale. 

Second  edition,  89  illus.,  141  pp.,  i6mo.     {New  York,  1901,) 
2s.  (d,  net. 

Practice  of  Hand  Turning.  By  F.  Gampin.  Third  edition, 
99  illus.,  307  pp.,  crown  8vo.     {1883,)    35.  6d. 

Artistic  Leather  Work.  By  £.  Ellin  Garter.  6  plates  and 
21  illus.,  xii  +  51  pp.,  crown  8vo.     {1912.)    2s,  6d,  net. 

Galculation  of  Ghange  Wheels  for  Screw  Gutting  on  Lathes. 
By  D.  de  Vries.    46  illus.,  83  pp.,  8vo.     {1908,)    3s.  net. 

Milling  Machines  and  MUling  Practice.    By  D.  de  Vries. 

536  illus.,  464  pp.,  medium  8vo.     {1910,)     14s.  net. 

French -Polishers'  Manual.    By  a  French-Polisher.    New 

impression,  31  pp.,  royal  32mo,  sewed.     {1912.)    6d.  net. 

Art  of  Gopper-Smithing.  By  J.  Fuller.  Fourth  edition, 
483  illus.,  319  pp.,  royal  8vo.  {New  York,  1911,)  its,  6d. 
net. 
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Hand  Forging  and  Wrought  Iron  Ornamental  Ironwork. 
By  T.  F.  Googerty.  122  illus.,  197  pp.,  crown  8vo.  {New 
York,  1912.)    4s.  6^.  net. 

Saw  Filing  and  Management  of  Saws.    By  R.  Grimshaw. 

New  edition,  81  illus.,  i6mo.     [New  York,  1906.)     4s.  6d.  net. 

Cycle  Building  and  Repairing.  By  P.  Henry.  55  illus., 
96  pp.,  cr.  Svo.    (S.  &  C.  Series,  No.  43.)    is.  6d.  net. 

Paint  and  Colour  Mixing.  By  A.  S.  Jennings.  Fourth 
edition,  14  coloured  plates,  190  pp.,  Svo.  {1910.)  5s. 
net. 

The  Mechanician  :  a  Treatise  on  the  Construction  and  Mani- 
pulation of  Tools.  By  C.  Knight.  Fifth  edition,  96 
plates,  397  pp.,  4to.     {1897.)     i8s. 

Turner's  and  Fitter's  Pocket  Book.  By  J.  La  Nicca.  i8mo, 
sewed.    (>d. 

Tables  for  Engineers  and  Mechanics,  giving  the  values  of  the 
different  trains  of  wheels  required  to  produce  Screws  of  any 
pitch.  By  Lord  Lindsay.  Second  edition,  royal  Svo, 
oblong.    2s. 

Screw-cutting  Tables.  By  W.  A.  Martin.  Seventh  edition. 
New  imp.,  obbng  Svo.     is.  net. 

Metal  Plate  Work,  its  Patterns  and  their  Geometry,  for  the 
use  of  Tin,  Iron  and  Zinc  Plate  Workers.  By  C.  T.  Millis. 
Fourth  Ed.,  New  imp.,  280  illus.,  xvi  +  456  pp.,  cr.  Svo. 
{1912.)     9s. 

The  Practical  Handbook  of  Smithing  and  Forging.  Engin- 
eers' and  General  Smiths'  Work.  By  T.  Moore.  New 
impression,  401  illus.,  24S  pp.,  crown  Svo.     {1912.)    5s.  net. 

Modem  Machine  Shop  Construction,  equipment  and  man- 
agement. By  O.  E.  Perrigo.  20S  illus.,  343  pp.,  crown 
4to.     {New  York,  1906.)    £1  is.  net. 

Turner's  Handbook  on  Screw-cutting,  Coning,  etc.  By 
W.  Price.  New  impression,  56  pp.,  fcap.  Svo.  {1912.)  6d. 
net. 

Introduction  to  Eccentric  Spiral  Turning.  By  H.  C. 
Robinson.  12  plates,  23  illus.,  4S  pp.,  Svo.  {1906,) 
45.  6d,  net. 

Manual  of  Instruction  in  Hard  Soldering.    By  H.  Rowell. 

Sixth  edition,  7  illus.,  66  pp.,  crown  Svo.     {New  York,  1910.) 
3s.  net. 
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Forging,  Stampingy  and  General  Smithing.  By  B.  Saun- 
ders. 728  illus.,  ix  +  428  pp.,  demy  8vo.  {1912,)  £1  is. 
net. 

Pocket  Book  on  Boilermaklng,  Shipbuilding,  and  the  Steel 

and  Iron  Trades  in  General.  By  M.  J.  Sexton.  Sixtl) 
edition,  new  impression,  85  illus.,  319  pp.,  royal  32mo,  roan, 
gilt  edges.     (1912,)    5s.  net. 

Power  and  its  Transmission.  A  Practical  Handbook  for  the 
Factory  and  Works  Manager.  By  T.  A.  Smith.  76  pp., 
fcap.  8vo.     {1910,)    25.  net. 

Spons'  Mechanics*  Own  Book :  A  Manual  for  Handicrafts- 
men and  Amateurs.    Sixth  edition.  New  impression,  1,430 
illus.,  720  pp.,  demy  8vo.     {1912,)    6s. 
Ditto  ditto  half  French  morocco,  7s.  6d. 

Spons*  Workshop  Receipts  for  Manufacturers,  Mechanics 
and  Scientific  Amateurs.    New  and  thoroughly  revised 
edition,  crown  8vo.     {1909,)    3s.  each  net. 
Vol.      I.    Acetylene  Lighting  io  Drying.    223  illus., 

532  pp. 
Vol.    II.    Dyeing  to  Japanning.    259  illus.,  540  pp. 

Vol.  III.    Jointing  Pipes  to  Pumps.    257  illus.,  528  pp. 

Vol.  IV.    Rainwater    Separators   to    Wire    Ropes. 

321  illus.,  540  pp. 

Gauges  at  a  Glance.  By  T.  Taylor.  Second  edition,  post 
8vo,  oblong,  with  tape  converter.     {1900,)    $s,  net. 

Simple  Soldering,  both  Hard  and  Soft.    By  £.  Thatcher. 

52  illus.,  76  pp.,  crown  8vo.  (S.  &  C.  Series,  No.  18.) 
{New  York,  1910.)    is.  6d.  net. 

The  Modem  Machinist.  By  J.  T.  Usher.  Fifth  edition. 
257  illus.,  322  pp.,  8vo.     {New  York,  1904.)    10s,  6d.  net. 

Knots,  Splices,  and  Rope-Work.    By  A.  H.  VerriU.    148 

illus.,  102  pp.,  i2mo.     {New  York,  1912.)    3s.  net. 

Practical  Wood  Carving.  By  C.  J.  Woodsend.  108  illus., 
86  pp.,  8vo.    .  {New  York,  1897.)    45. 6d.  net. 

American  Tool  Making  and  Interchangeable  Manufacturing. 
By  J'.  W,  Woodworth.  Second  Ed.  600  illus.,  535  pp.,  8vo . 
{New  York,  1911.)    18s.  net. 
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USEFUL   TABLES 

See  also  Curve  Tables,  Earthwork,  Foreign  Exchange, 
Interest  Tables,  Logarithms,  and  Metric  Tables. 

Weights  and  Measurements  of  Sheet  Lead*  By  J.  Alex- 
ander.   32mo,  roan.     is.  6d.  net. 

Barlow's  Tables  of  Squares,  Cubes,  Square  Roots,  Cube  Roots 
and  Reciprocals,  of  all  Integer  Numbers  from  i  to  xo,ooo. 
200  pp.,  crown  8vo,  leather  doth.    4s.  net. 

Tables  of  Squares.  Of  every  foot,  inch  and  -^  of  an  inch  from 
•^  of  an  inch  to  50  feet.  By  E.  E.  Buchanan.  Eleventh 
edition,  102  pp.,  i6mo.    4s.  6d.  net. 

Land  Area  Tables.  By  W.  Godd.  On  sheet  mounted  on  linen, 
in  cloth  case  with  explanatory  pamphlet.    3s.  6d. 

Tables  of  some  of  the  Principal  Speeds  occurring  in  Mechani- 
cal Engineering,  expressed  in  Metres  per  second.  By  K. 
Keerayeff.    i8mo,  sewed.    6d.  net. 

Calculating  Scale.  A  Substitute  for  the  Slide  Rule.  By  W. 
Ejiowles.    Crown  8vo,  leather,     is.  net. 

Planimeter  Areas.  Multipliers  for  various  scales.  By  H.  B. 
Moles  worth.    Folding  sheet  in  cloth  case.     is.  net. 

Tables    of    Seamless    Copper    Tubes.    By    I.    O'Toole. 

69  pp.,  oblong  fcap.  Svo.    3s.  6d.  net. 

Steel  Bar  and  Plate  Tables.  Giving  Weight  per  Lineal  Foot 
of  all  sizes  of  L  and  T  Bars,  Flat  Bars,  Plates,  Square,  and 
Round  Bars.  By  E.  Read.  On  large  folding  card.  is. 
net. 

Rownson's  Iron  Merchants'  Tables  and  Memoranda.  Weight 
and  Measures.    86  pp.,  32mo,  leather.    3s.  6d. 

Spons'  Tables  and  Memoranda  for  Engineers.    By  J.  T. 
Hurst,  C.E.    Twelfth  edition,  278  pp.,  64mo,  roan,  gilt 
edges.     {1907,)    is.  net. 
Ditto  ditto  in  celluloid  case,  is.  (d.  net. 

Optical  Tables  and  Data,  for  the  use  of  Opticians.  By  Prof. 
S.  P.  Thompson.  Second  edition,  130  pp.,  oblong  8vo, 
{1907,)    6s.  net. 

Traverse  Table,  showing  Latitudes  and  Departure  for  each 
Quarter  degree  of  the  Quadrant,  and  for  distances  from  i  to 
100,  etc.     i8mo,  boards.    2s.  net. 
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Fifty-four  Hours'  Wages  Calculator.    By  H.  N.  Whitelaw. 

Second  edition,  79  pp.,  8vo.    2S.  6d.  net. 

WheellGearing.  Tables  of  Pitch  Line  Diameters,  etc.  By  A. 
Wildgoose  and  A.  J.  Orr.  175  pp.,  fcap.  32mo.  2S. 
net. 

MISCELLANEOUS 

The  Atmosphere  :  Its  Characteristics  and  Djmamics.  By 
F.  J.  B.  Cordeiro.  35  illus.,  129  pp.,  crown  4to.  (New 
York,  1910.)     los.  6d.  net. 

Popular  Engineering.  By  F.  Dye.  704  illus.,  477  pp.,  crown 
4to.     (189S.)    5s.  net. 

The  Phonograph,  and  how  to  construct  it.    By  W.  Gillett. 

6  folding  plates,  87  pp.,  crown  8vo.     (1892.)    5s. 

Engineering  Law.  By  A.  Haring.  Demy  8vo,  cloth.  [New 
York,) 

Vol.   I.    The    Law  of  Contract.     518  pp.     {1911) 
175.  net. 

The' Gyroscope,  an  Experimental  Study.  By  V.  E.  John- 
son. 34  illus.,  40  pp.,  crown  8vo.  (S.  &  S.  Series,  No. 
22.)     {1911,)     IS,  6d,  net. 

Particulars  of  Dry  Doclcs,  Wet  Docks,  Wharves,  etc.,  on  the 
River  Thames.    By  G.  !!•  Jordan.    Second  edition,  7 
.    coloured  charts,   103  pp.,  oblong  8vo.     (1904.)     2s.  6i. 
net. 

New  Theories  in  Astronomy.  By  W.  Stirling.  335  pp., 
demy  8vo.     {1906.)    8s.  6d,  net. 

The  American  Hardware  Store.  A  Manual  of  approved 
methods  of  arranging  and  displaying  hardware.  By 
R.  R.  Williams.  500  illus.,  448  pp.,  royal  8vo.  {New 
York,  1896,)    ys.  6d.  net. 

Inventions,  How  to  Protect,  Sell  and  Buy  Them.  By  F. 
Wright.  118  pp.,  crown  8vo.  (S.  &  C.  Series,  No.  10.) 
{New  York,  1908,)    is.  6d.  net. 
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The  Journal  of  the  Iron  and  Steel  Institute. 

Edited  by  G.  C.  Lloyd,  Secretary, 

Published  Half-yearly,  8vo.    i6s.  net. 


Carnegie  Scholarship  Memoirs. 

Published  Annually,  8vo.    ifo.  net. 

The  Journal  of  the  Institution  of  Electrical 

Engineers. 

Edited  by  P.  F.  Rowell,  Secretary. 


The  Proceedings  of  the  Institution  of  Municipal 

and  County  Engineers. 

Edited  by  Thomas  Cole,  AssocM.Inst.CE.  Secretary. 

Published  Annually,  8vo.    215.  net. 


l^he  Transactions  of  the  Institution  of  Mining 

and  Metallurgy. 

Edited  by  C.  McDermid,  Secretary. 
Published  Annually,  boards,  215.  net,  or  half-bound,  25s.  net. 


Transactions  of  the  Institution  of  Gas 

Engineers. 

Edited  by  Walter  T.  Dunn,  Secretary. 

Published  Annually,  Svo.    105.  6d.  net. 


Proceedings  of  the  International  Association 

for  Testing  Materials. 

(English  Edition.) 


Transactions  of  the  American  Institute  of 

Chemical  Engineers. 

Published  Annually,  Svo.    30s.  not. 
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